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Typhoid  Fever. 

No  disease  or  cause  of  death  coDstitutes  a  better  index  or  measure 
of  the  efficiency  of  sanitary  work  than  typhoid  fever.  The  number 
of  deaths  from  this  disease  has  diminished  with  considerable  uniformity 
in  proportion  as  public  water  supplies  have  been  introduced  in  the 
cities  and  towns.  A  table  and  diagram  in  the  portion  of  this  report 
which  is  specially  devoted  to  vital  statistics  illustrates  this  principle. 

The  returns  for  1896  are  not  all  in  at  the  date  of  writing  this,  but 
sufficient  information  is  at  hand  to  show  that  the  past  year  proves 
no  exception  to  the  rule.  The  notifications  of  infectious  diseases 
which  are  constantly  received  at  the  office  of  the  Board  give  evidence 
of  the  fact  as  well  as  the  diminished  requests  for  the  assistance  of  the 
Board  in  the  investigation  of  epidemics. 

The  principal  epidemic  of  this  character  which  occurred  during  the 
time  embraced  in  this  report  was  that  of  North  Adams.  This  epi- 
demic was  reported  to  the  State  Board  of  Health  by  the  board  of 
health  of  North  Adams  late  in  September,  1895,  and  Professor 
Sedgwick  was  instructed  to  proceed  to  North  Adams  and  to  investi- 
gate the  cause  and  aid  the  local  board  in  its  inquiries. 

It  appears  from  the  table  which  is  given  on  page  xiv  that  North 
Adams  has  had  a  persistently  high  death-rate  from  typhoid  fever  for 
several  years. 

Professor  Sedgwick  found  that  considerable  apprehension  existed 
at  North  Adams  with  reference  to  the  condition  of  the  water  supply, 
which  is  taken  from  certain  reservoirs  made  by  impounding  the  water 
of  brooks  in  comparatively  uninhabited  regions,  and  from  driven 
wells  near  the  centre  of  the  city. 

Although  the  water  of  these  wells  is  hard  and  comparatively  im- 
pure it  did  not  appear  that  they  could  be  charged  with  causing  the 
unusual  prevalence  of  typhoid  fever,  since  the  distribution  of  the 
cases  would  not  warrant  this  inference.  Most  of  the  cases  in  1895 
occurred  in  the  western  and  northern  sections  of  the  city  and 
especially  in  the  valley  along  the  watershed  of  the  north  branch  of 
the  Hoosac  River. 

The  deaths  registered  in  the  four  months  of  June,  July,  August 
and  September  in  the  five  years  1891-95  were  as  follows:  1891,  3, 
1892,  3,  1893,  5,  1894,  10  and  1895,  11. 

The  cases  which  occurred  in  1895  did  not  appear  simultaneously 
or  in  large  numbers,  as  is  common  in  epidemics  due  to  infected  milk 
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or  infected  water  supplies,  but  were  continued  at  intervals  from  the 
middle  of  July  to  October,  a  few  being  reported  in  each  week. 

Professor  Sedgwick  says:  ^^The  epidemic  was  of  a  slow,  insidi- 
ous character,  as  if  slowly  passing  from  person  to  person,  and  from 
bouse  to  house ;  and  as  has  been  stated,  it  was  confined  to  one,  and 
that  an  unsanitary  section  of  the  city." 

It  was  recommended  that  an  agent  of  the  Board  of  Health  should 
be  detailed  to  give  special  attention  to  disinfection  among  the  houses 
in  this  district  where  the  fever  existed. 

Limited  outbreaks  were  also  reported  as  having  occurred  at  the 
Mount  Hermon  School  in  Northfield,  at  the  State  Prison,  and  at 
Sowley,  Mass.,  but  the  total  number  of  such  outbreaks  has  been 
much  less  than  it  has  in  previous  years. 

Five  men  were  taken  ill  at  the  State  Prison  in  October,  and  the 
secretary  visited  the  prison  and  inspected  its  sanitary  condition. 
The  general  condition  of  the  buildings,  cells,  kitchen,  hospital  and 
other  apartments  appeared  to  be  good.  A  sewer  was  being  con- 
structed in  the  grounds  outside,  upon  which  the  convicts  were  at 
work,  but  none  of  those  who  were  taken  ill  had  worked  upon  this 
sewer. 

The  water  supply  is  the  water  of  Mystic  Lake  in  Medford,  occa- 
sionally alternating  with  water  from  the  general,  or  Cochituate  and 
Sudbury  supply.  The  Mystic  supplies  the  cities  of  Somerville, 
Everett  and  Chelsea.  An  inquiry  of  the  health  authorities  of  these 
cities  showed  that  typhoid  fever  was  not  unusually  prevalent  among 
them  at  the  time  of  the  occurrence  of  the  cases  at  the  prison. 

Attention  was  then  turned  to  the  milk  supply,  which  was  obtained 
from  a  contractor  doing  business  in  Charlestown,  having  a  large 
business,  and  obtaining  his  milk  from  about  one  thousand  dairies  in 
Maine  and  southern  New  Hampshire.  The  milk  came  in  each  morn- 
ing over  the  Western  Division  of  the  Boston  &  Maine  Railroad,  be- 
ing collected  at  a  station  in  southern  New  Hampshire. 

The  conditions  prevailing  at  the  milk  distributing  station  at 
Cbarlestown  were  fairly  good,  and  all  the  men  connected  with  the 
work  of  distribution  and  present  at  the  station  appeared  to  be  in 
good  health  and  free  from  infection. 

One  man  who  had  charge  of  the  stable,  opening  out  of  the  dis- 
tributing room,  was  given  a  vacation  September  8  and  went  away, 
but  was  soon  after  attacked  with  typhoid  fever  and  went  to  hospital, 
where  he  was  at  the  time  of  the  inspection  (October  22).     This  man 
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had  no  connection  with  the  work  of  distributing  or  handling  of  the 
milky  and  his  illness  was  undoubtedly  in  the  relation  of  effect  and 
not  of  cause,  since  he  and  his  family  used  the  milk  furnished  by  this 
contractor. 

The  supply  furnished  to  the  prison  was  forty  cans  four  times  a  week, 
and  these  were  not  always  from  the  same  dairies,  but  so  far  as  could 
be  learned  were  from  several  dairies  along  the  line  of  a  railway  ex- 
tending from  southern  New  Hampshire  to  Maine.  It  was  deemed 
impracticable  to  continue  the  investigation  in  this  direction. 

Another  limited  epidemic,  in  which  the  total  number  of  cases  was 
only  7,  was  that  of  the  Mount  Hermon  School,  on  the  west  bank  of 
the  Connecticut  River  in  Northfield.  An  inspection  of  the  school  was 
made  and  advice  given  relative  to  its  water  supply  and  sewage  disposal. 

In  the  reports  of  the  Board  from  1890  to  1895,  inclusive,  a  table 
has  been  published  annually  presenting  the  deaths  and  death-rates 
from  typhoid  fever  for  a  series  of  years  in  the  cities  of  the  State, 
these  cities  being  arranged  in  the  order  of  their  population.  In  the 
present  report,  page  xiv,  this  table  has  been  rearranged,  the  statis- 
tics relating  to  typhoid  fever  being  presented  in  five-year  groups, 
and  in  each  period  the  cities  are  arranged  in  accordance  with  the 
intensity  of  their  death-rates  from  typhoid  fever.  North  Adams, 
which  became  a  city  in  1895,  has  been  added  to  the  list,  making  a 
total  of  thirty-two  cities. 

By  means  of  this  table  the  comparative  rank  of  the  different  cities 
in  each  period  and  the  rise  or  fall  in  the  typhoid  death-rate  from  one 
period  to  another  are  shown. 

While  the  general  improvement  in  the  death-rate  from  typhoid 
fever,  coincident  with  the  introduction  of  better  water  supplies,  is 
shown  in  the  latter  part  of  the  report  in  the  portion  relating  to  vital 
statistics,  it  also  appears  in  this  table,  where  the  conditions  of  cer- 
tain cities  are  considered  separately. 

In  some  instances  radical  changes  have  taken  place  in  the  rank  of 
cities,  comparing  early  with  late  periods.  Boston  has  maintained  a 
position  quite  uniformly  intermediate  in  the  list,  and  usually  slightly 
below  that  of  the  State.  It  would  undoubtedly  have  been  still 
lower  were  it  not  for  its  intimate  connection  with  the  surrounding 
territory  and  the  presence  of  many  hospitals,  in  which  patients  from 
other  cities  and  towns  are  admitted  for  treatment.  The  manufact- 
uring cities,  Holyoke,  Springfield,  Chicopee,  Lowell,  Lawrence, 
Fall  River  and  North  Adams,  have  generally  had  high  death-rates 
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throughout  most  of  the  time  included  in  the  table.  On  the  other 
hand,  the  smaller  residential  cities,  Waltham,  Newton,  Medford, 
Everett  and  Wobum,  have  usually  been  found  near  the  foot  of  the 
Ibt,  with  low  typhoid  death-rates. 

Holyoke,  which  in  the  first  three  five-year  periods  was  at  the  head 
of  the  list  of  high  death-rates,  has  shown  a  decided  improvement  in 
the  fourth  and  fifth  periods. 

Pittsfield,  also,  from  a  position  above  the  mean,  has  dropped  be- 
low the  mean,  and  in  the  fifth  period  had  the  lowest  death-rate  from 
typhoid  fever  among  the  cities. 

On  the  other  hand,  Newburyport  has  changed  its  position  from  a 
generally  low  rank  to  a  position  near  the  top  of  the  list. 

The  death-rates  in  this  table  are  annual  death-rates  per  10,000  of 
the  living  population.  The  population  had  increased,  during  the 
whole  period  indicated  in  the  table,  about  83  per  cent,  (comparing 
the  mean  population  of  the  first  five  years  with  that  of  the  last  five) .  . 
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This  comparison  may  be  carried  still  further  by  an  examination  of 
the  following  table  for  the  year  1896,  which  has  been  made  up  from 
the  returns  required  by  chapter  218  of  the  Acts  of  1894.  The  fig- 
ores  in  this  table  may  differ  slightly  from  those  which  are  obtained 
from  the  Registration  Report  at  a  later  date,  but  the  difference  is 
usually  very  small.  It  may  also  be  noted  that  the  results  of  a 
single  year  are  not  so  conclusive  as  those  of  longer  periods,  and 
those  of  small  cities  are  less  conclusive  than  those  of  large  ones, 
according  to  the  usual  principle  of  the  limits  of  error. 


Deaths  fr&m  Typhoid  Fever  {1896). 


■ 

DMttaA. 

I>caths 

per  10,000 

LlTlng. 

HaT«rhlll 

IS 

5.84 

Kofth  Adam*,    . 

11 

5.57 

Kewbaryport,    . 

8 

5.45 

Somerrllle, 

26 

4.78 

PltUfield,    . 

10 

4.72 

Ljno,  . 

27 

4.28 

Lowell. 

86 

4.20 

QnlDcy, 

9 

4.16 

Cambridge, 

80 

3.56 

Chleopee,    . 

6 

3.55 

BeT«rly, 

4 

8.33 

Bo«toa, 

162 

3.19 

GloQccstcr, 

9 

3.10 

ET«rett, 

6 

2.91 

Fftll  RiTer,  . 

26 

2.70 

Ncwtoo, 

7 

2.47 

New  Bedford, 

14 

2.38 

TaimtoD,     . 
Spriogfleld, 
Medford,     . 
Marlborough, 
Maiden,       • 
Walibam,    . 
Lawrence,  . 
Brockton,    . 
Cbeltea, 
Fltcbburg,  . 
Worcester, . 
Salem, 
Holyoke,     . 
Northampton, 
Wobnrn,     . 

Total,    . 

Mean,    . 


Deatha. 

Deatha 

per  10,000 

Living. 

6 

2.18 

11 

2.07 

8 

1.98 

8 

1.97 

6 

1.92 

4 

1.87 

10 

1.86 

6 

1.74 

5 

1.56 

4 

1.46 

14 

1.87 

4 

1.13 

4 

0.97 

1 

0.58 

0 

0.00 

489 

- 

2.90 


Haverhill  is  found  at  the  top  of  the  list  in  this  table  for  1896. 
With  regard  to  the  high  typhoid  death-rate  of  Haverhill  in  1896 
reference  may  be  made  to  Professor  Sedgwick's  report  to  the  board 
of  health  of  that  city,  quoted  near  the  close  of  this  volume,  under 
the  bead  of  *«  Health  of  Towns." 

Lynn  in  the  last  decade,  1886-95,  maintained  a  record  for  typhoid 
fever  mortality  better  than  the  average.  In  1896  the  death-rate  ot 
Lynn  from  typhoid  fever  is  only  the  sixth  from  the  top  of  the  list. 
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On  the  other  hand,  Lawrence,  which  for  twenty  years  used  the 
polluted  water  of  the  Merrimack  River  without  filtration,  had  during 
that  period  an  invariably  high  typhoid  mortality.  Since  the  intro- 
duction of  thorough  filtration,  at  the  advice  of  the  State  Board,  its 
rank  in  the  columns  of  this  table  has  fallen  to  a  position  quite  near 
the  bottom  of  the  list,  and  a  mortality  of  only  1.86  per  10,000  in  1896. 

Holyoke  has  a  comparatively  good  public  water  supply,  but  for 
the  first  three  five-year  periods  stood  at  the  top  of  the  list,  with 
the  highest  typhoid  mortality.  It  then  fell  to  the  sixth  place  in  the 
fourth  and  the  eleventh  place  in  the  fifth  period,  and  then  to  the 
thirtieth  in  the  year  1896.  Upon  investigation  by  the  State  Board 
of  Health  in  1891  it  was  found  that,  notwithstanding  the  good  quality 
of  its  water  supply,  much  water  was  taken  for  drinking  purposes 
from  the  three  canals,  either  directly  or  but  imperfectly  filtered  by 
means  of  defective  filtering  galleries  in  the  bottom  of  the  canals. 
The  authorities  were  advised  to  discontinue  this  practice. 

It  may  be  added  as  a  general  statement,  in  regard  to  these  tables, 
that  the  mean  typhoid  death-rate  of  the  cities  in  the  first  or  upper 
half  of  the  list  in  1896  is  less  than  the  mean  typhoid  death-rate  of  the 
cities  in  the  lower  half  in  the  period  1871-75,  and  that  some  cities 
which  have  maintained  a  comparatively  uniform  rate  through  the 
whole  time  from  1871  to  1896  have  apparently  risen  in  this  table 
to  a  higher  relative  position,  for  the  reason  that  this  very  marked 
improvement  has  taken  place  in  many  other  cities. 

In  1896,  for  the  first  time,  there  are  three  cities  having  a  combined 
population  of  over  70,000  in  which  the  typhoid  death-rate  was  less 
than  1  per  10,000,  and  in  one  of  them  (Woburn)  there  were  no 
deaths  from  this  cause. 

Consumption. 

In  the  last  annual  report  of  the  Board  a  copy  of  the  circular  issued 
by  the  Board  in  the  preceding  year  was  published.  Soon  after  the 
publication  of  the  circular,  the  attention  of  the  Board  was  called  to 
a  monograph  by  Dr.  J.  B.  Russell,  the  Senior  Medical  Officer  of 
Health  of  Glasgow,  which  had  recently  been  published  in  that  city, 
entitled  **  The  Prevention  of  Tuberculosis." 

The  practical  tone  of  the  book,  and  its  clear  and  intelligent  presen- 
tation of  the  subject,  led  the  Board  to  reprint  it  for  distribution  in 
Massachusetts,  with  the  consent  of  the  author.     An  edition  of  five 
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thousand  was  published  and  distributed  throughout  the  State.  No 
publication  of  the  Board  has  been  received  and  read  with  greater 
interest,  and  it  is  hoped  that  much  benefit  will  be  derived  from  its 
free  circulation.     Copies  may  be  had  on  application  to  the  Board. 

Diphtheria. 

No  disease  or  cause  of  death  has  received  greater  attention  in 
recent  years  than  diphtheria,  and  it  is  hoped  that  the  vigorous  action 
of  health  authorities  now  being  conducted  against  this  disease  will  be 
followed  by  similar  results  as  appear  to  be  taking  place  in  the  death- 
rate  from  tuberculosis.  The  efforts  at  prevention  and  restriction  of 
disease  now  going  on  in  all  civilized  countries  may  well  receive  the 
title  usually  given  to  them  in  German  cities,  ^'  a  campaign  against 
infection." 

In  the  interest  of  the  health  of  the  people  the  Board  has  therefore 
believed  it  proper  to  offer  every  possible  facility  to  the  different 
municipalities  both  for  the  diagnosis  and  for  the  preventive  treat- 
ment of  diphtheria. 

For  the  first  of  these  objects,  the  diagnosis  of  diphtheria,  a  system 
of  examination  of  throat  cultures  has  been  established,  whereby  such 
cultures  may  be  forwarded  to  the  Board  for  examination  from  any 
city  or  town  in  the  State,  sets  of  tubes  containing  the  culture  mate- 
rial being  deposited  with  boards  of  health  and  druggists  in  convenient 
locations.  An  account  of  the  first  year's  work  in  this  direction  may 
be  found  in  this  report. 

For  the  second  object,  the  furnishing  of  antitoxine,  the  methods 
adopted  by  the  Board  have  already  been  described  in  the  report  of 
last  year,  and  a  continuation  of  the  subject  is  presented  in  this  report. 

Malarial  Fever. 

In  1885  malarial  fever  appeared  for  the  first  time  as  a  serious 
epidemic  in  eastern  Massachusetts  at  South  Framingham,  and  was 
made  the  subject  of  a  report  by  Dr.  Z.  B.  Adams  in  the  seventh 
annual  report  of  the  Board  of  Health,  Lunacy  and  Charity,  Supple- 
ment on  Public  Health. 

From  that  time  it  appeared  successively  in  other  towns  in  the 
eftstem  part  of  the  State,  and  reports  have  been  made  upon  its 
operations  by  different  writers. 
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The  reports  which  have  been  published  by  the  State  Board  of 
Health  are  as  follows :  — 

Report  of  1880,  by  Dr.  J.  F.  A.  Adams  of  Pittsfield. 
Report  of  1885,  by  Dr.  Z.  B.  Adams  of  Framingham. 
Report  of  1889,  by  Dr.  C.  H.  Cook  of  Natick. 
Brief  statement  in  report  of  1888  of  its  prevalence  in  Deerfield. 

In  addition  to  these,  special  examinations  have  been  made  of  the 
territory  along  the  banks  of  the  Charles  River  from  Dedham  to  tide* 
water.  This  examination  was  made  by  the  Board,  acting  conjointly 
with  the  Metropolitan  Park  Commission,  first  of  the  region  from 
Waltham  to  the  sea,  and  secondly,  of  the  region  immediately  above 
Waltham. 

Investigations  have  also  been  made  at  Uxbridge,  North  Saugus 
and  at  Woburn,  in  each  of  which  places  there  have  been  serious  out- 
breaks of  malarial  fever.  In  a  small  district  in  Woburn,  mostly 
upon  the  shores  and  territory  contiguous  to  Horn  Pond,  a  house-to- 
house  inquiry  revealed  the  fact  that  over  1,900  cases  of  malarial  dis- 
ease had  existed  in  this  district  during  the  years  1894,  1895  and  1896 
in  a  somewhat  densely  settled  district  covering  an  area  of  about  one- 
half  square  mile. 

Offensive  Trades. 

No  complaints  were  made  directly  to  the  Board  during  the  year 
with  regard  to  offensive  trades,  and  consequently  no  hearings  upon 
the  subject  were  held.  In  consequence  of  the  more  efficient  organi- 
zation of  local  boards  of  health  in  the  cities  and  large  towns  such 
matters  have  in  the  past  two  years  been  settled  by  the  local  boards. 

In  one  instance  the  advice  of  the  Board  was  asked  as  to  the  mode 
of  dealing  with  a  nuisance  of  this  character  located  in  the  town  of 
Mansfield,  where  an  establishment  existed  for  the  purpose  of  con- 
ducting the  business  of  making  fertilizers  in  a  very  crude  manner, 
the  carcasses  of  animals  being  treated  with  acids  out-of-doors  and  then 
covered  with  a  light  coating  of  soil,  the  effect  being  to  produce  a 
very  foul  odor  in  the  neighborhood. 

Manual  of  Health  Laws. 

The  Board  has  published  at  inteiTals  of  about  four  years,  since 
1882,  an  edition  of  the  health  laws  of  the  State,  each  edition  con- 
taining the  health  statutes  in  force  up  to  the  time  of  its  publica- 

tlOD. 
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An  edition  was  published  in  1894  which  soon  became  exhausted, 
although  a  larger  edition  was  printed  than  usual. 

In  1896  a  new  edition  was  prepared,  and  was  revised  with  unusual 
care  by  E.  M.  Parker,  Esq.,  of  Cambridge,  the  health  laws  in  force 
up  to  January,  1897,  beiug  included.  A  new  feature  of  the  manual 
is  the  complete  index  of  all  the  laws  in  force  which  precedes  the 
text,  each  law  being  referred  to  by  chapter  and  page  of  the  manual. 
A  very  complete  index  is  added  at  the  end  of  the  book. 

As  an  aid  to  local  health  boards,  physicians  and  court  officers  it 
will  be  found  indispensable.  The  following  partial  list  of  its  con- 
tents conveys  an  idea  of  its  comprehensive  character :  general  powers 
and  duties  of  the  State  Board  of  Health,  local  boards,  nuisances,  in- 
fections diseases,  vaccination,  protection  of  infants,  quarantine,  offen- 
sive trades,  water  supply  and  sewerage,  public  baths,  cemeteries  and 
burials,  cremation,  cattle  diseases,  medical  societies,  color  blindness, 
instruction  in  physiology,  etc.,  sanitary  work  of  district  police,  plumb- 
ing, stables,  bakeries,  food  and  drug  inspection,  registration  of  vital 

statistics,  inquests. 

Lead  Poisoning. 

This  subject  was  mentioned  in  the  last  report  of  the  Board,  with 
special  reference  to  the  occurrence  of  an  unusual  number  of  cases  of 
illness  in  the  town  of  Kingston,  which  upon  investigation  by  the 
Board  was  shown  conclusively  to  have  been  caused  by  the  presence 
of  lead  in  the  water  of  the  public  water  supply,  and  which  could  only 
be  accounted  for  by  the  free  use  of  lead  for  service  pipes  in  the  town. 
The  Board  at  that  time,  Sept.  23,  1895,  wrote  to  the  water  board 
of  Kingston,  recommending  the  <'  immediate  removal  of  all  lead  pipes 
in  the  town,  wherever  they  are  used  for  conveying  water  for  domestic 
use,  either  as  service  pipes  or  as  street  mains." 

Since  that  time  other  cases  of  similar  character  have  been  reported 
from  other  parts  of  the  State,  notably  from  Fairhaven,  New  Bedford 
and  Milford,  and  further  investigations  are  being  conducted  with  ref- 
erence to  the  action  of  the  public  water  supplies  upon  lead  pipe. 
The  results  of  these  investigations  will  be  made  known  in  a  future 

report. 

Inspection  of  Summer  Resorts. 

There  has  been  for  many  years  a  limited  number  of  places,  at 
different  points  in  the  State,  at  which  large  numbers  of  people  con- 
gregate during  the  summer  months  for  longer  or  shorter  periods  of 
time.     These  were  in  some  instances  owned  and  controlled  by  i^\\^- 
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ious  or  other  organizatioDS.  They  were  usually  located  either  on 
the  seashore  or  upon  the  banks  of  a  river  or  lake  or  pond.  At  some 
places  cottages  were  built  and  quite  a  summer  village  was  main- 
tained, as  in  the  case  of  Cottage  City,  Onset  Bay,  Brant  Rock, 
Salisbury  Beach,  Pleasant  Lake  in  Franklin  County,  etc.  In  other 
cases  the  camp  or  picnic  ground  was  of  a  more  temporary  character, 
where  people  gathered  in  large  numbers  for  a  single  day.  The  latter 
class  of  resorts  has  very  greatly  multiplied  within  the  past  ten  years, 
their  rapid  increase  being  due  largely  to  the  development  of  electric 
railways  in  the  neighborhood  of  the  populous  towns,  and  the  desire 
of  such  corporations  to  provide  amusement  for  their  patrons. 

In  one  instance,  eight  such  resorts  of  different  size  and  character 
have  been  established  upon  the  shores  of  a  single  lake  or  pond, 
three  upon  another  lake,  and  so  on,  and  in  some  instances  such 
places  have  been  located  upon  the  watersheds  of  public  water  sup- 
plies. In  the  case  already  noted,  where  eight  places  of  this  charac- 
ter exist  upon  one  lake  or  pond,  the  water  of  the  pond  is  the  water 
of  the  public  supply  of  the  neighboring  town.  It  is,  however,  fil- 
tered through  the  gravel  and  drawn  from  wells  or  galleries  upon  the 
shore  of  the  lake. 

It  was,  therefore,  decided  by  the  Board  that  an  investigation  of  the 
sanitary  condition  of  these  places  should  be  made,  with  several 
points  in  view,  and  with  the  intention  of  advising  or  recommending 
such  changes  as  were  deemed  necessary  to  remedy  defects  and  to 
improve  existing  unsanitary  conditions.  The  special  points  which 
were  kept  in  mind  in  the  investigation  were :  Firsts  the  possibility 
of  such  places  proving  dangerous  to  public  water  supplies,  in  con- 
sequence of  their  location  upon  the  watersheds.  Second^  as  to  the 
water  supplies  furnished  to  the  patrons  of  these  resorts.  Thirds  the 
drainage  and  sewerage  oC  the  buildings.  Fourth^  their  general 
sanitary  condition,  and  especially  that  of  the  restaurants,  kitchens, 
water-closets  and  the  disposal  of  the  garbage  and  other  waste 
matters. 

The  investigation  was  under  the  management  of  Prof.  W.  T. 
Sedgwick  and  a  corps  of  inspectors,  and  many  places  were  also 
visited  by  the  secretary. 

The  whole  number  of  such  places  which  existed  in  the  State  so 
far  as  was  known  at  the  time  of  the  inspection  was  130,  and  nearly 
all  of  these  were  visited  personally  and  during  the  season  of  patron- 
age. 
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Beports  were  made  to  the  Board  upon  their  sanitary  condition, 
and  letters  were  then  issued  to  the  proprietors  of  those  resorts  where 
existing  conditions  were  unsatisfactory,  describing  the  nature  of  the 
conditions  which  needed  improvement,  and  in  such  instances  as  were 
necessary  the  aid  of  the  Board  was  offered  in  examining  and  ap- 
proving such  plans  as  might  be  devised  for  the  remedy  of  unsanitary 
conditions.  In  most  instances  the  proprietors  cheerfully  complied 
with  such  suggestions  as  were  made. 

The  distribution  of  these  resorts  by  counties  was  as  follows :  — 


Id  Barnstable  County,    . 

1 

In  Hampshire  County,    . 

3 

In  Berkshire  County, 

.      4 

In  Middlesex  County, 

.     19 

In  Bristol  County,  . 

.     11 

In  Nantucket  County, 

1 

In  Dukes  County,    . 

.      6 

In  Norfolk  County, 

12 

In  Essex  County,    . 

.     11 

In  Plymouth  County, 

5 

In  Franklin  County, 

4 

In  Suffolk  County,  .        .        .        . 

1 

In  Hanapden  County, 

.     11 

In  Worcester  County,     . 

41 

Water  Supply  and  Sewerage. 

When  the  State  Board  of  Health  was  reorganized  in  1886,  upon 
a  similar  plan  to  that  of  the  original  board  of  1869,  a  new  law  was 
enacted  which  gave  to  the  Board  enlarged  powers  and  new  duties 
of  the  highest  importance,  having  special  reference  to  the  water 
supplies  and  systems  of  sewerage  which  constitute  so  large  a  share 
of  the  public  sanitary  works  throughout  the  State.  This  law,  en- 
titled the  *<  act  to  protect  the  purity  of  inland  waters,"  often  alluded 
to  in  these  reports,  has  proved  one  of  the  most  useful  and  compre- 
hensive enactments  of  recent  years.  Under  its  provisions  an  en- 
gineering department  was  established,  which  has  carried  out  all  the 
important  work  of  this  character  which  has  been  accomplished  by 
the  Board  during  the  succeeding  years. 

Among  the  transactions  of  this  department  of  work,  already 
noticed  in  the  reports  of  the  Board,  may  be  enumerated  the  estab- 
lishment of  the  experiment  station  at  Lawrence,  with  the  many 
important  additions  to  science  which  have  been  made  there ;  the 
maintenance  of  a  laboratory  in  Boston  for  constant  use  in  the  exam- 
ination of  the  waters  of  the  State,  with  equally  important  discoveries 
and  demonstrations  of  new  principles  in  this  department  of  work 
(e.  jr.,  the  chlorine  determinations  of  the  waters  of  different  localities 
at  variable  distances  from  the  sea  and  their  practical  usefulness)  ; 
the  constant  general  supervision  of  water  supplies  and  systems  of 
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sewerage ;  the  continuous  examinations  of  these  waters  by  means  of 
chemical  and  bacterial  analyses,  as  well  as  personal  inspection  of  the 
sources  of  supply,  especially  of  those  of  doubtful  quality  ;  the  work 
of  giving  advice  to  cities,  towns,  corporations  and  individuals  as  to 
the  selection  of  new  sources  of  supply,  the  improvement  and  en- 
largement of  old  ones,  the  introduction  of  systems  of  sewerage  and 
sew&ge  disposal. 

In  addition  to  all  these  duties,  the  establishment  of  this  depart- 
ment has  made  it  possible  for  the  Board  to  carry  out  the  wishes  of 
the  Legislature  in  regard  to  the  following  matters,  some  of  which 
may  be  reckoned  among  the  most  important  public  undertakings  in 
the  State :  the  devising  of  the  metropolitan  sewerage  system,  now 
being  completed,  started  in  1889 ;  the  investigation  of  the  sources 
of  ice  supply  of  the  State  (1890)  and  of  manufactured  ice  (1893)  ; 
the  metropolitan  water  supply  (1895),  now  in  process  of  construc- 
tion ;  the  improvement  of  the  Charles  River,  two  reports  (1894  and 
1896)  ;  the  improvement  of  the  Concord  and  Sudbury  rivers  (the 
work  of  making  these  improvements  was  intrusted  to  the  Board) ; 
improvement  of  the  Neponset  River ;  the  sewerage  of  Salem  and 
Peabody ;  and  the  investigation  of  the  Green  Harbor  dike  and 
marshes. 

In  the  present  report  the  details  of  the  work  performed  by  this 
department  in  carrying  out  its  routine  duties  will  be  found  under 
the  head  of  "Advice  to  Towns;"  '^Examination  of  Water  Sup- 
plies and  Rivers;"  «« Summary  of  Water  Supply  Statistics;" 
*'  Work  at  the  Lawrence  Experiment  Station  in  1896  ;  "  and  "  Sew- 
age Purification  of  Cities  and  Towns  in  Massachusetts." 

Bacteriological  Department  for  Investigations  relative  to 

THE  Prevalence  or  Infectious  Diseases. 

This  department  of  the  work  of  the  Board  was  established  at  the 
Bussey  Institute,  near  the  Forest  Hills  station  of  the  New  York, 
New  Haven  &  Hartford  Railroad,  in  1894,  and  at  once  became  a 
most  important  adjunct  to  the  work  of  the  Board.  Dr.  Theobald 
Smith,  Fabyan  Professor  of  Comparative  Pathology  at  Harvard  Uni- 
versity, has  charge  of  the  work  of  the  laboratory,  which  now  consists 
mainly  of  the  diagnostic  examination  of  suspected  diphtheria  cult- 
ures, of  material  forwarded  to  the  Board  to  be  examined  for  the 
presence  of  tubercle  bacilli,  of  .specimens  from  the  blood  of  per- 
sons suffering  with  malarial  symptoms,  the  preparation  of  diphtheria 
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aotitoxiD,  and  such  investigations  of  an  experimental,  character  as 
are  from  time  to  time  deemed  necessary.  In  addition  to  the  supply 
of  diphtheria  serum,  a  supply  of  tetanus  antitoxin  is  also  now  pre- 
pared for  such  use  as  may  be  demanded. 

Very  much  of  this  work  is  conducted  under  the  difficulties  inci- 
dent to  constant  transmission  of  material  by  express  and  messenger 
service,  and  of  daily  correspondence  with  local  boards  and  physicians 
by  means  of  the  mails,  telegraphs  and  telephones. 

Cities  and  towns  in  all  parts  of  the  State,  including  several  in 
Berkshire  County,  at  a  distance  of  one  hundred  and  fifty  miles  from 
the  laboratory,  have  availed  themselves  of  the  advantages  of  this  de- 
partment. 

This  useful  work  has  grown  rapidly,  and  at  the  present  time  sev- 
eral of  the  local  boards  of  health  of  large  cities  have  organized 
departments  of  their  own  for  the  purpose  of  bacteriological  examina- 
tion. In  one  instance  (in  the  city  of  Boston)  the  local  board  also 
maintains  a  plant  for  the  production  of  antitoxin. 

Some  of  the  important  operations  of  this  department  of  the  Board's 
work  may  be  found  detailed  in  this  volume  under  the  head  of 
reports  upon  ''  Toxin  Production,"  '*  Antitoxin  "  and  *'  Malaria." 

Vital  Statistics  of  the  State. 

It  has  been  customary  in  recent  years  to  publish  in  the  annual 
report  of  the  Board  a  condensed  statement  of  the  vital  statistics  of 
the  State,  since  all  correct  deductions  relating  to  the  sanitary  prog- 
ress of  a  community  must  depend  for  their  accuracy  upon  the  records 
to  be  found  in  the  returns  of  the  vital  statistics  of  cities  and  towns. 
In  the  present  report  special  attention  has  been  given  to  this  subject 
by  the  presentation  of  a  summary  embracing  the  statistics  of  forty 
years,  and  including  the  period  from  1856  to  1895,  inclusive. 

Improvement  of  the  Charles  River. 

By  the  provisions  of  chapter  475  of  the  Acts  of  1893  the  Board 
together  with  the  Metropolitan  Park  Commissioners  were  made  a  joint 
board  to  investigate  the  *'  sanitary  condition  and  prepare  plans  for  the 
improvement  of  the  beds,  shores  and  waters  of  the  Charles  River, 
between  Charles  River  bridge  and  the  Waltham  line  on  Charles 
River,  and  for  the  removal  of  any  nuisances  therefrom." 

The  report  of  this  joint  board  was  made  to  the  Legislature  in 
April,  1894,  and  was  also  published  in  the  twenty-sixth  annual  re- 
port of  the  Board  (page  cxxxiii). 
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An  act  was  passed  in  that  year  ( 1894)  by  which  the  joint  board 
was  continued  and  instructed  to  investigate  the  condition  of  the  river 
from  the  point  at  which  the  previous  investigation  terminated  as  far 
as  Mother  Brook  in  Dedham,  and  to  <<  report  plans  for  its  improve- 
ment and  for  the  removal  of  nuisances  therefrom." 

This  report  was  completed  and  submitted  to  the  Legislature  in 
May^  1896,  and  the  general  report  of  the  joint  board  is  published 
in  this  volume.  The  original  report  also  contains  a  summary  of  the 
prevalence  of  intermittent  fever  in  the  region  embraced  in  the  re- 
port, by  Dr.  J.  J.  Thomas,  who  collected  information  relative  to 
the  occurrence  of  nearly  five  thousand  cases  of  malarial  disease  in 
this  region  in  the  period  1890-94. 

The  Sewerage  or  Salem  and  Peabody. 

The  city  of  Salem  and  the  town  of  Peabody  are  two  municipali- 
ties, the  former  lying  upon  Salem  harbor  and  the  latter  adjoining 
Salem,  but  further  inland.  They  have  a  combined  population  of 
nearly  45,000,  and  are  without  an  adequate  system  of  sewerage. 
The  sewage  of  the  city  is  discharged  without  system,  along  the 
shores,  while  that  of  Peabody,  consisting  largely  of  the  drainage  of 
tanneries,  empties  into  the  North  River,  which  flows  into  Salem 
harbor  at  the  northern  boundary  of  the  city  and  also  receives  sewage 
from  Salem. 

By  the  provisions  of  chapter  112  of  the  Resolves  of  1895  the  State 
Board  of  Health  was  '^authorized  and  directed  to  consider  and 
report  a  general  system  of  drainage  and  sewerage "  for  Salem  and 
Peabody,  or  '*  for  such  parts  of  said  city  and  town,  not  all  of  which 
shall  be  wholly  within  either  of  said  municipalities,  as  may,  in  the 
opinion  of  said  Board,  be  best  drained  by  said  system." 

By  the  terms  of  this  resolve  this  report  was  to  have  been  made  in 
January,  1896,  but  the  time  was  insufficient  for  the  required  survey, 
and  was  therefore  extended  by  the  provisions  of  chapter  69  of  the 
Resolves  of  1896  to  January,  1897. 

The  general  report  of  the  Board  upon  this  subject  will  be  found 
in  the  present  volume. 

The  Neponset  Meadows. 

In  the  last  annual  report  of  the  Board  (1895)  reference  was  made 
to  the  action  of  the  General  Court  directing  the  State  Board  of 
Health  to  *'  investigate  the  sanitary  condition  of  the  meadows  of  the 
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Neponset  Hiver,  and  the  bed,  shores  and  waters  of  said  river  in  the 
towns  of  Canton,  Sharon,  Norwood,  Dedham,  Milton  and  Hyde 
Park,  and  report  whether  their  condition  is  dangerous  or  injurious 
to  the  public  health  by  reason  of  stagnant  water,  or  refuse  from 
^manufactories,  or  other  causes"  (chapter  83,  Resolves  of  1895). 

The  investigations  required  by  this  resolve  were  completed  and 
the  report  was  made  to  the  Legislature  in  May,  1897. 

The  general  report  is  also  published  in  this  volume.  The  recom- 
mendations of  the  Board  were  as  follows :  — 

1.  Legislation  to  prevent  the  pollution  of  the  river. 

2.  Removal  of  the  flash  boards  at  the  dam  at  Mattapan«  enlarge- 
ment of  cross-section  of  the  river  at  certain  points,  and  deepening 
and  reconstruction  of  the  channel  wherever  it  is  necessary  to  prevent 
flooaiug  of  the  meadows. 

Green  Hahbor  River. 

In  the  report  of  the  Board  for  1894  reference  is  made  to  a  petition 
of  those  inhabitants  of  Marshfield  living  at  Green  Harbor,  a  settlement 
upon  the  seashore  in  the  easterly  part  of  that  town.  By  the  provisions 
of  chapter  303  of  the  Acts  of  1871  a  dike  was  built  across  the  outlet  of 
this  river  about  a  half  mile  above  its  mouth,  by  which  some  two  or 
three  miles  of  salt  marsh  were  converted  into  a  fresh-water  region. 

Application  was  made  to  the  Legislature  for  the  removal  of  the 
dike.  The  question  was  referred  to  the  State  Board  of  Health  and 
the  Harbor  and  Land  Commissioners  in  1896,  acting  as  a  joint  board, 
to  investigate  and  report  upon  the  matter.  This  investigation  is 
now  in  progress. 

Local  Boards  of  Health. 

As  towns  increase  in  population,  and  consequently  in  the  density 
with  which  the  principal  villages  are  settled,  the  need  of  efficient 
sanitary  supervision  becomes  more  apparent  every  year.  Boards 
of  health  are  organized  in  towns  where  no  separate  board  has  pre- 
viously existed.  Legislation  is  also  being  enacted  every  year,  giv- 
ing additional  powers  to  boards  of  health  and  increasing  their  duties. 

Among  the  duties  imposed  upon  local  boards  in  more  recent  years 
are  those  which  relate  to  cattle  diseases,  the  inspection  of  plumbing, 
the  licensing  of  stables,  the  inspection  of  bakeries,  the  reporting  of 
cases  of  infectious  diseases  and  of  annual  mortality  returns  to  the 
State  Board  of  Health. 
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A  question  of  considerable  importance  which  has  arisen  in  two 
different  towns  during  the  past  year  is  the  relation  of  local  boards 
of  health  to  such  public  institutions  as  exist  in  the  different  cities 
and  towns. 

Several  circumstances  in  recent  years  have  tended  to  bring  the 
State  and  local  boards  of  health  into  closer  mutual  relations  to  each 
other.  (1)  The  enactment  of  statutes  requiring  annual  returns  of 
deaths  to  the  State  Board  by  local  boards,  and  the  immediate  report- 
ing of  all  infectious  diseases  by  local  boards.  (2)  The  work  under- 
taken by  the  State  Board  to  assist  local  boards  in  the  diagnosis  of 
infectious  diseases,  and  in  the  supply  of  antitoxin  for  the  treatment  of 
diphtheria.  (3)  The  general  supervision  of  water  supplies  and  sys- 
tems of  sewerage,  which  was  required  of  the  State  Board  in  1886. 

Reference  has  already  been  made  in  previous  reports  of  the  Board 
to  the  organization  of  the  Association  of  Boards  of  Health,  at  whose 
quarterly  meetings  the  representatives  of  the  State  and  local  boards 
meet  for  the  discussion  of  all  questions  which  pertain  to  municipal 
as  well  as  to  general  hygiene.  This  organization  has  proved  very 
helpful  to  those  local  boards  which  have  availed  themselves  of  its 
privileges. 

The  efficiency  of  the  sanitary  supervision  of  cities  and  towns  may 
be  in  some  measure  shown  by  the  vital  statistics  of  the  State  for  the 
past  thirty  years.  It  is  one  of  the  first  principles  of  general  hygiene 
that  the  death-rate  increases  with  the  density  of  population,  other 
things  being  equal. 

Hygienic  conditions,  however,  may  be  so  greatly  improved  as  to 
offset  the  harmful  effects  of  increasing  density.  During  the  past 
thirty  years  the  population  of  Massachusetts  has  doubled  in  number, 
and  the  density  has  increased  in  like  proportion  (that  of  1865  was 
152  inhabitants  per  square  mile,  and  that  of  1895,  300)  ;  yet  the 
death-rate  has  remained  about  the  same  throughout  these  thirty 
years,  when  long  periods  of  time  are  considered  and  not  single  years. 

The  death-rates  of  the  population  of  the  three  successive  decades 
since  1865  were  as  follows  :  — 

Periods.  Death-rate. 

1866-76, 19.69 

1876-86, 19.35 

1886-96 19.63 

These  figures,  when  considered  in  connection  with  the  doubling  of 
the  density,  may  be  taken  as  an  index  of  decidedly  improved  sanitary 
conditions. 
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Health  op  Towns. 

A  digest  of  the  principal  facts  of  importance  published  in  the 
annual  reports  of  local  boards  of  health  occupies  the  final  pages  of 
this  report.  The  general  character  of  these  reports  indicates  a  de- 
cided improvement  in  the  work  of  local  boards,  especially  in  the 
direction  of  the  management  and  control  of  infectious  diseases. 

The  table  containing  the  number  of  cases  and  deaths  from  certain 
infectious  diseases  with  the  ratio  of  fatality  which  was  formerly  pub- 
lished in  connection  with  this  digest  has  been  transferred  from  this 
portion  pf  the  report  to  that  part  which  is  entitled  <<  Statistical  Sum- 
maries of  Disease  and  Mortality." 

BouTiNB  Work  of  the  Board. 

During  the  year  ending  Sept.  30,  1896,  the  Board  held  meetings 
at  least  once  in  each  month.  Meetings  of  such  of  the  standing  com- 
mittees as  were  necessary  for  the  transaction  of  business  were  also 
held  from  time  to  time,  as  well  as  joint  sessions  with  such  other 
boards  or  commissions  as  were  prescribed  by  the  Legislature. 

The  office  of  the  Board  has  been  open  throughout  the  year,  as 
pfeacribed  by  the  Public  Statutes,  chapter  21,  section  10,*  for  the 
transactioo  of  its  authorized  business. 

Advice  has  been  very  frequently  given  at  the  office  and  by  mail 
to  local  boards  and  to  individuals  in  regard  to  sanitary  matters,  and 
many  visits  have  been  made  by  the  secretary,  the  engineers  and 
other  experts  to  cities  and  towns  for  the  purpose  of  making  investi- 
gations and  giving  advice. 

The  work  of  the  office  has  become  materially  increased  in  conse- 
quence of  being  made  a  central  station  for  the  distribution  of  anti- 
toxin to  local  boards  of  health,  hospitals  and  physicians  in  private 
practice.  To  this  has  been  added  during  the  past  year  the  work  of 
examining  the  products  of  certain  infectious  diseases  for  the  purpose 
of  determining  their  character,  notably  diphtheria,  tuberculosis  and 
malarial  fever. 

The  statistics  of  mortality  compiled  from  the  weekly  postal  card 
letums  from  the  registering  authorities  of  cities  and  towns  have  been 
published  weekly  during  the  year  in  the  form  of  a  bulletin,  which 
also  contains,  once  in  each  month,  a  report  of  the  work  done  in  the 

*  Office  boon,  9  a.si,  to  5  p.m.;  SAturdays,  9  a.m.  to  2  p.m. 
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liDe  of  food  and  drug  iospection,  together  with  the  prosecutions  made 
under  the  food  and  drug  acts,  and  other  important  information  rela- 
tive to  the  work  of  this  department.  In  addition  to  these  items  there 
is  also  published  in  the  same  bulletin  a  weekly  report  of  the  number 
of  cases  of  infectious  diseases  reported  by  the  local  boards  to  the 
State  Board  of  Health. 

The  following  table  presents  certain  statistical  data  relative  to  the 
routine  work  of  the  Board  :  — 

Statistical  Table  for  the  Year  ending  Sept.  80,  1896. 

Whole  number  of  samples  of  foods  and  drugs  examined  during  the  year,^  8,338 

Samples  of  milk  examined  (included  in  the  foregoing), ....  4,484 

Whole  number  examined  since  beginning  of  work  in  1883,  .  .  .  76,113 
WIloIc  number  of  samples  of  milk  examined  i»ince  beginning  of  work 

in  1883, 88,906 

Number  of  prosecutions  against  offenders  during  the  year,     ...  75 

Number  of  convictions  during  the  year, 74 

Amount  of  tines  secured  during  the  year, $2,812  20 

Number  of  packages  of  antitoxin  issued  to  cities  and  towns,*  .  .  8,245 
Number  of  bacterial  cultures  made  for  the  diagnosis  of  diphtheria  in 

cities  and  towns,* 1,469 

Number  of  examinations  made  for  diagnosis  of  tuberculosis,*        .        .  124 
Number  of  examinations  of  blood  made  for  diagnosis  of  malarial  infec- 
tion,*          57 

Number  of  notices  of  cases  of  infectious  diseases  received  and  recorded 

under  the  provisions  of  chapter  802,  Acts  of  1898,t       .....  21,815 
Number  of  postal  card  returns  of  mortality  for  cities  and  towns  received 

and  recorded,! 2,340 

Number  of  annual  reports  of  cities  and  towns  received  under  the  pro- 
visions {  of  Acts  of  1894,  chapter  2  I8.t 86 

Force  employed  in  general  work  of  Board  at  central  office.  State  House :  — 

•  Secretary, 1 

Clerks, 2 

Messenger, 1 


Total, 


4 


Force  employed  at  central  office,  State  House,  Boston,  for  food  and  drug 

inspection,  chemists  and  assistants, 2 

At  Amherst, 1 

—  3 

Inspectors, 8 

Total 6 

*  For  the  year  ending  March  81, 1897.  t  For  the  calendar  year  1896. 

/  Towns  JiMviDg  «  population  of  over  6,000  inhabitants  In  each. 
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Force  employed  at  laboratory  (Bassey  Institute)  :  — 

Pathologist, 1 

Assistants, 8 

Under  tiie  Provisions  of  Chapter  376,  Acts  op  1888. 

Applications  for  adrice  from  cities,  towns  and  others :  — 

Relating  to  water  supply, 39 

Relating  to  sewerage  and  drainage, 19 

Relating  to  pollution  of  streams, 7 

Total, 65 

Number  of  samples  of  water  examined  chemically  and  microscopically 

at  the  Massachusetts  Institute  of  Technology, 2,200 

Number  of  samples  of  sewage  and  effluent  from  sewage  purification 
works  examined  chemically  at  the  Massachusetts  Institute  of  Tech- 
nology,      199 

Number  of  samples  of  sewage  and  water  examined  chemically  and  bac- 
terial ly  at  the  Lawrence  Experiment  Station, 2,929 

Numlicr  of  samples  of  sand  examined  chemically  and  bacterially  at  the 
Lawrence  Experiment  Station, 211 

Number  of  samples  of  sand  examined  mechanically  at  the  Lawrence 
Experiment  Station, 115 

Additional  samples  examined  bacterially  at  the  Lawrence  Experiment 
Station, 6,500 

Total  number  of  samples  examined, 12,154 

Force  employed  at  central  office  :♦  — 

Chief  engineer,  1 

Assistant  engineers, 3 

Stenographers  and  clerks, 2 

At  Massachusetts  Institute  of  Technology :  — 

Chemists, 5 

Chief  biologist, 1 

Assistant  biologist, 1 

At  Lawrence  Experiment  Station :  — 

Chemists, 3 

Bacteriologists, 2 

Other  assistants  and  laborers, 4 

—  9 

Total  ordinary  force  employed  under  chapter  375,  Acts  of  1888,  .  22 

Total  ordinary  force  in  all  departments, 36 

*  Not  iodnding  the  force  employed  npon  the  improrement  of  Charles,  Concord,  Sadbary  and 
Hepootel  rhrers,  Salem  and  Peal>ody  uwenge,  or  MwBhQeld  investigation. 
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The  number  of  applications  for  advice  under  the  provisions  of 
chapter  375,  Acts  of  1888,  received  since  July,  1886,  when  the  act 
;relating  to  water  supply  and  sewerage  first  went  into  operation,  is 
as  follows :  — 


1886, 8 

1887, 22 

1888, 28 

1889 88 

1890, 23 

1891, 58 

1892 66 


1893, 61 

1894, 63 

1896 62 

1896, 65 

Total, 449 


Hecommendations. 

The  following  recommendation  was  made  to  the  Legislature  at  the 
beginning  of  the  session  of  1897  :  — 

The  Board  recommends  the  continuance  of  its  investigations  now  being 
carried  on  as  authorized  by  the  provisions  of  chapter  375  of  the  Acts  of 
1888,  For  this  purpose,  and  to  make  the  necessary  investigations  in  order 
to  advise  cities,  towns,  corporations  and  individaals  in  regard  to  the  best 
methods  of  assuring  the  purity  of  intended  or  existing  water  supplies  and 
the  best  tnethod  of  disposing  of  sewage,  and  to  carry  out  the  other  pro- 
visions of  chapter  375  of  the  Acts  of  1888,  the  Board  estimates  that  the 
sum  of  $30,000  will  be  required. 

Expenditures. 

The  work  of  the  Board  is  conducted  under  the  provisions  of  several  stat- 
trites,  and  for  its  different  departments  of  work  three  appropriations  are 
annually  made,  one  for  the  general  work  of  the  Board,  one  for  the  inspec- 
tion of  food  and  drugs,  and  a  third  for  carrying  out  the  provisions  of  chapter 
375  of  the  Acts  of  1888,  relating  to  the  protection  of  the  purity  of  inland 
waters.  In  addition  to  the  foregoing,  special  appropriations  have  been 
made  from  time  to  time,  as  occasion  has  demanded,  for  the  purpose  of 
enabling  the  Board  to  conduct  special  lines  of  investigations. 


The  appropriations  for  the  different  departments  of  work  in  1896 
were  as  follows :  — 

For  the  general  work  of  the  Board, (16,800 

For  food  and  dnig  inspection, 11,600 

For  carrying  out  the  provisions  of  chapter  376,  Acts  of  1888,  .         30,000 

Total. 167,300 
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The  expenditures  in  1896  under  the  foregoing  appropriations  were 
as  follows :  — 

Qentral  Expenditures  Sept,  30, 1895,  to  Sept.  30, 1896. 

Salaries ^ (4,829  99 

Travelling  expenses,        .  * 562  69 

Stationery, 261  67 

Printing, 1^48  68 

Books,  subscriptions  and  binding,    .        •        .        .        .  345  18 

Typewriting  and  library  supplies,  .....  17  76 

Telephone  and  telegraph  messages,        ....  70  60 

Postage  and  postal  order, 237  85 

Express, 166  92 

Advertising, 9  00 

Zinc  plates,  prints  and  photo-micrographs,     ...  83  28 

Extra  services, 10  50 

Services  of  messenger, 400  50 

Drafting  diagrams, 23  50 

Special  investigations, 915  45 

For  revision  of  manual  of  health  laws,    ....  175  00 

Rent  oi  chemical  laboratory, 62  50 

Weather  bureau  reports, 60  00 

Samples  of  diphtheria  antitoxin,  vaccine  lymph  and 

opium  cure  for  analysis, 17  93 

Sundry  office  supplies  and  incidental  expenses,      .        .  157  81 


Expenditures  at  Bacteriological  Laboratory, 

Salaries, f2,477  51 

Services, 56  05 

Travelling  expenses, 42  42 

Labor  (care  of  horses,  etc.), 432  90 

Purchase  of  animals, 99  38 

Board  of  horses, 1,285  90 

Express, 27  76 

Postage, 2  17 

Rental  of  telephone, 60  67 

Telephone  and  telegraph  messages,        ....  1  05 

Ice 15  10 

Mailing  cases, 30  52 

Fitting  up  laboratory  buildings,  including  labor  and 

teaming, *        .        .  901  19 

Apparatus,  chemicals  and  laboratory  supplies,  861  37 

Sundry  inddentals, 75  60 


•9,656  71 


6.369  59 
116,026  30 
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Expenses  under  Chapter  375  of  Acts  of  1888  {Protection  of  Purity  of  Inland 

Waters)  for  Calendar  Year  1896, 

Salaries,  including  wages  of    laborers   at   Lawrence  Experiment 

Station t23,043  10 

Apparatus  and  materials, T        .        .        .  3,207  89 

Rent  of  rooms  at  Massachusetts  Institute  of  Technology,    .        .        .  750  00 

Rent  of  Lawrence  Experiment  Station , 150  00 

Travelling  expenses, 1,017  12 

Express  charges,  freight  and  teaming, 792  64 

Use  of  tools  and  office,  Lawrence  Experiment  Station,        .        .        .  270  12 

Books,  stationery  and  drawing  materials, 879  78 

Maps,  blue  prints  and  photographs, 94  52 

Paid  for  collecting  samples  of  water, 49  00 

Postage  stamps, 80  87 

Messengers,  telegrams  and  telephone  messages, 18  87 

Printing, 196  15 

Total $29,999  56 


For  Food  and  Drug  Inspection  for  Year  ending  Sept,  30, 1896, 

Salaries  of  analysts, $4,500  00 

Salaries  of  inspectors, 4,050  00 

Travelling  expenses  and  purchase  of  samples, 1,851  64 

Apparatus  and  chemicals, 256  17 

Printing, 42  86 

Books, 20  00 

Index  cards  and  guides, 57  77 

Expressage, 3  15 

Extra  services, 116  00 

Sundry  small  supplies  (bottles,  etc.), 24  03 

Total 110,921  61 

HENRY  P.  WALCOTT. 
HIRAM   F.  MILLS. 
F.  W.  DRAPER. 
GERARD  C.  TOBEY. 
JAMES  W.  HULL. 
CHARLES  H.  PORTER. 
JULIAN  A.  MEAD. 
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REPORT  OF  THE  JOINT  BOARD  UPON  THE  IMPROVEMENT  OF 

CHARLES  RIVER. 


To  the  Honorable  the  Senate  and  Hmise  of  Representatives  of  the  Commonwealih 

in  General  Court  assembled. 

The  undersigned,  members  of  the  joint  board,  consisting  of  the 
Board  of  Metropolitan  Park  Commissioners  and  the  State  Board  of 
Health,  to  whom  was  referred,  by  chapter  529  of  the  Acts  of  1894, 
the  investigation  of  the  sanitary  condition  of  Charles  River  and  the 
preparation  of  plans  for  the  improvement  of  the  river  and  its  banks 
from  the  line  between  Waltham  and  Watertown  to  Mother  Brook 
in  Dedham,  and  for  the  removal  of  any  nuisances  therefrom,  re- 
spectfully submit  the  following  report. 

The  two  boards  named  in  the  act  met  for  organization  July  26, 
1H94.  H.  P.  Walcott  was  elected  chairman  of  the  joint  board, 
and  H.  S.  Carruth  secretary.  Mr.  Carruth  resigned  his  position 
Jan.  1,  1896,  and  John  Woodbury  was  chosen  to  succeed  him. 
Messrs.  Olmsted,  Olmsted  &  Eliot  were  asked  to  consider  the  sub- 
ject of  the  improvement  of  the  river,  and  submit  a  report  thereon. 
Mr.  Eliot  had  been  a  member  of  the  Charles  River  Improvement 
Commission,  appointed  under  authority  of  chapter  390  of  the  Acts 
of  1891,  and  had  subsequently  been  employed  as  consulting  land- 
scape architect  in  preparing  the  plans  for  the  improvement  of 
Charles  River  which  were  recommended  by  the  joint  board  ap- 
pointed to  consider  the  same,  and  a  report  upon  which  was  pre- 
sented to  the  Legislature  in  April,  1894. 

The  condition  of  the  river  has  been  personally  ascertained  by 
members  of  the  board  at  various  times,  and  they  have  carefully 
considered  the  reports  made  to  them  by  the  experts  employed,  and 
have  reached  the  following  conclusions. 

The  position  of  the  Charles  River  in  its  relation  to  the  metro- 
politan district  has,  necessarily,  a  very  great  influence  upon  the 
health  and  comfort  of  the  people  livino^  in  its  vicinity.     So  long  as 
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the  stream  was  comparatively  unpolluted,  its  banks  were  occupied 
at  eligible  sites  by  dwellings  of  the  better  sort.  The  increase  of 
pollution  and  the  consequent  nuisance  occasioned  by  it  have  driven 
from  the  banks  throughout  the  lower  portion  of  the  river  those  who 
could  afford  to  establish  new  homes  in  more  attractive  places,  and 
the  houses  once  occupied  by  these  people  have  been  taken  by  a 
poorer  population,  or  by  manufactories  that  seek  the  stream  for 
commercial  advantages  or  to  be  at  a  distance  from  neiglibors  likely 
to  complain  of  offensive  processes  incident  to  the  business  there 
carried  on.  In  concluding  their  report,  the  joint  board  of  1894 
made  this  statement:  **  Your  board  feels  that  no  treatment  of  the 
Charles  River  c^n  be  entirely  satisfactory  which  does  not  regard 
the  condition  of  the  river  above  and  in  Waltham.  At  the  boundary 
of  that  city,  by  the  terms  of  the  act  under  which  we  are  directed  to 
make  our  investigation  and  report,  our  labors  end." 

It  will  be  remembered  that  the  plan  submitted  by  the  commis- 
sion of  1894  called  for  the  preservation  of  the  public  reservation 
along  the  banks  of  the  river  up  to  the  line  between  the  city  of 
Waltham  and  the  town  of  Watertown.  At  certain  ])oints  this  public 
reservation  is  bounded  by  existing  streets ;  at  certain  other  points 
new  streets  would  have  to  l)e  constructed,  for  the  purpose  of  limit- 
ing the  amount  of  land  to  be  taken  to  the  smallest  area  necessary 
to  procure  a  satisfactory  reservation.  It  is  understood  that  the 
appropriation  subsequently  made  by  the  Legislature  of  that  year 
for  the  purpose  of  enabling  the  Metropolitan  Park  Commission  to 
take  such  land  was  not  sufficient  to  carry  out  the  entire  plan  as 
recommended. 

One  of  the  disagreeable  incidents  of  the  failure  to  complete  this 
plan  is  shown  by  the  use  of  a  portion  of  the  low  land  near  the  river 
in  Waltham  for  the  erection  of  a  manufacturing  establishment, 
which  is  likely  to  be  an  injury  to  the  appearance  of  the  banks  and 
the  comfort  of  residents  in  the  vicinity ;  and  we  take  this  occasion 
to  again  call  attention  to  the  necessity  of  securing  the  banks  of  the 
stream  below  the  Waltham  line  and  above  the  centre  of  Watertown 
from  still  further  encroachment. 

It  must  not  be  understood,  from  the  language  just  used,  that  we 
wish  to  banish  from  the  banks  of  the  stream  all  manufacturing 
establishments.  We  recognize  the  necessity  to  many  of  them  of 
the  location  which  they   now  occupy;    but   it   is   also  true   that 
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there  are  located  here  some  manufacturing  establishments  which 
almost  of  necessity  involve  a  greater  or  less  injury  to  the  district 
in  which  they  are  placed,  and  it  does  not  seem  to  us  reason- 
able that  the  centre  of  one  of  the  most  attractive  portions  of  the 
metropolitan  area  should  be  forever  given  up  to  uses  for  which 
many  less  attractive  spots  are  equally  available. 

The  first  thing  likely  to  impress  a  person  looking  at  a  map  of 
the  district  above  the  dam  of  the  Boston  Manufacturing  Company 
at  Waltham  is  the  large  area  occupied  by  the  water  surface  of  the 
river  above  that  point.  On  any  pleasant  day  of  the  warmer  season 
of  the  year  this  surface  is  a  resort  for  boats  of  every  description, 
used  for  the  purposes  of  innocent  and  healthful  enjoyment,  not 
only  by  the  people  of  the  neighboring  towns  but  by  visitors  from 
the  whole  metropolitan  district,  and,  if  nothing  else  could  be  done, 
it  would  be  the  part  of  wisdom  to  take  for  public  uses  this  area, 
at  least.  Almost  the  only  circumstance  which  at  present  seriously 
im|)airs  the  attractiveness  or  the  healthfulness  of  this  water  surface 
and  the  banks  bordering  it  is  the  use  made  of  the  water  by  the 
manufacturing  establishments  which  control  the  principal  dam. 
Whenever  the  water  is  draMm  several  feet  below  the  level  of  the 
top  of  the  dam,  as  it  occasionally  is  in  the  seasons  of  protracted 
drought,  the  muddy  banks  or  shores  are  exposed.  As  the  stream 
for  a  large  part  of  its  course  is  still  the  public  sewer  of  the  dis- 
trict, much  putrescible  animal  and  vegetable  matter  is  deposited 
upon  these  exposed  banks  and  soon  enters  into  decomposition, 
becoming  a  source  of  discomfort  and  positive  injury  even  to  the 
health  of  those  who  visit  the  stream  for  purposes  of  recreation  or 
who  live  upon  its  banks. 

To  take  such  control  of  the  stream  as  would  prevent  material 
changes  in  the  level  above  this  dam  would  probably  inflict  at  most 
only  a  slight  damage  upon  this  manufacturing  industry.  It  is  a 
damage,  however,  that  can  readily  be  estimated  and  easily  paid  for. 
The  limit  which  we  should  recommend  to  be  placed  upon  the  water 
of  the  river  at  this  point  and  at  all  points  where  dams  exist  is  that 
the  establishments  should  be  restrained  in  their  use  of  the  water  of 
the  river  to  the  actual  capacity  of  the  river.  That  is  to  say,  a 
diamal  variation  of  the  surface  of  the  water  of  the  river  is  unavoid- 
able, and  does  not  appear  to  us  to  be  the  source  of  danger ;  but  the 
river  ahoold  at  no  time  be  so  far  drawn  upon  during  the  hours  of 
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use  of  the  water  that  the  volume  of  water  thus  used  could  not  be 
replaced  by  the  accumulation  through  the  portion  of  the  day  when 
the  wat«r  is  not  used. 

If  it  were  possible  to  actually  take  possession  of  a  strip  of  land 
on  both  banks  of  the  river  above  the  more  closely  built  up  portions 
of  the  city  of  Waltham,  we  believe,  having  regard  to  a  long  future, 
that  it  would  be  a  wise  investment ;  and  we  advise  that  some  por- 
tions of  the  banks  of  the  river  should  now  be  taken,  either  because 
they  are  so  attractive  in  themselves  that  the  loss  of  their  attrac- 
tiveness would  be  a  serious  injury  to  the  appearance  of  the  district, 
or  because  they  are  so  unattractive  that  they  are  necessarily  of 
small  value,  and  likely  to  be  occupied  by  objectionable  establish- 
ments and  residences. 

In  few  districts  in  the  metropolitan  area  have  the  residents  them- 
selves shown  a  more  unselfish  interest  in  the  development  of  their 
local  public  grounds  than  along  the  banks  of  this  stream,  and  the 
river  is  used  as  a  place  of  healthful  recreation  by  crowds  drawn 
from  beyond  the  limits  of  the  towns  that  border  upon  the  stream. 

With  that  inevitable  growth  of  population  that  is  sure  to  come, 
the  importance  of  this  territory  lying  in  the  heart  of  the  metro- 
politan district  must  year  by  year  grow,  and  the  diiBculties  of  ob- 
taining a  public  ownership  just  as  rapidly  increase. 

Aside  from  the  aesthetic  and  recreative  interest  which  the  beauti- 
ful shores  of  this  river  possess,  and  paramount  to  it,  is  the  question 
of  their  healthfulness ;  and  in  this  relation  no  disease  has  in  recent 
years  attracted  more  attention,  or  deserved  more,  than  intermittent 
fever,  or  the  disease  due  to  the  so-called  malarial  influences.  The 
real  importance  of  this  disease  cannot  be  measured  by  the  deaths 
which  are  recorded  as  due  to  it.  The  disabling  eflfects  of  it  cling  to 
tho  unfortunate  subject  for  years',  destroy  the  capacity  for  work  and 
diminish  the  enjoyment  of  life.  Communities  which  have  long 
suflered  from  the  disease  would  consider  no  expenditure  of  money 
extravagant  which  would  free  them  from  it ;  and  portions  of  this 
district  have  already  sufiered  enough  in  recent  years  to  realize  how 
grievous  the  hardships  inflicted  by  a  perhaps  unnecessary  malady 
are. 

Amid  all  the  uncertainties  that  surround  the  origin  of  the  disease, 
the  experience  of  mankind  is  united  upon  this,  that  variations  in 
the  water  level  of  a  stream  or  pond  create  conditions  favorable 
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to  the  spread  of  malaria.  Nowhere  in  the  district  about  Boston 
are  these  conditions  of  a  variable  water  level,  at  the  season  of  the 
year  when  the  malarial  influences  are  most  active,  more  marked 
than  above  the  dam  at  Waltham.  The  large  amount  of  organic 
matter  necessarily  present  in  the  stream  undoubtedly  contributes 
something  to  the  danger.  So  long  as  the  banks  are  covered  by 
water  the  processes  of  decomposition  go  on  slowly,  but  on  the 
exposed  shores  sun  and  air  hasten  on  these  processes  of  decay, 
with  results  which  the  people  have  always  instinctively  and  justly 
feared. 

These  considerations  emphasize  the  desirability,  from  the  sanitary 
point  of  view,  of  maintaining  the  river's  surface  at  a  level  as  nearly 
uniform  as  possible,  and  in  this  matter  the  interests  of  public  health 
and  popular  recreation  concur. 

In  November,  1894,  the  State  Board  of  Health  issued  a  circular, 
which  was  addressed  to  physicians  living  in  the  cities  and  towns 
}K>rdering  upon  the  Charles  River  from  Watertown  to  Dedham,  for 
the  purpose  of  obtaining  information  in  answer  to  the  following 
questions :  — 

1.  When  did  intermittent  fever  first  appear  in  your  town,  judging  from 
vour  own  observatious? 

m 

2.  Has  it  been  more  or  less  prevalent  in  your  town  during  the  past  five 
years  than  previously? 

3.  Have  any  means  been  taken  for  its  prevention,  such  as  the  drainage 
of  wet  lands,  or  other  methods  of  improvement? 

Fifly-seven  physicians  replied  to  these  circulars,  many  of  them 
very  fully.  The  compilation  of  the  replies  was  intrusted  to  Dr.  J. 
J.  Thomas,  who  also  visited  personally  all  of  the  infected  districts. 
Replies  were  received  from  West  Roxbury,  Jamaica  Plain,  Brook- 
line,  Dedham,  Dover,  Needham,  Waltham,  Wellesley  and  Weston. 

The  occurrence  of  a  few  scattered  cases  in  these  towns  from  1875 
to  1885  **  points  to  the  presence  of  infected  foci  which,  under  favora- 
ble conditions,  have  become  starting-points  for  its  spread  in  the  in- 
fected region.'' 
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The  following  summary  gives  the  results  of  the  replies  to  the 
second  question,  relative  to  its  comparative  prevalence  in  the  five 
years  (1890-94):  — 

Total  Reported  Cases^  by  Tears. 


YEARS. 


1890, 
1891, 
1892, 
1893, 


1894, 


Total, 


Caacs. 


442 

659 

1,355 


1,291 


1,236 


4,983 


Prevalence^ 

by  Towns  (1890-94). 

CITIES  AND  TOWNS. 

Casos  rrportt'd. 

Popiilntlon 

I{Atlo|M?r  1,000 
uf  ropulatioii. 

Brookline, 

•                  •                  •                  •                 1 

45 

12,103 

3.96 

Dedham, . 

•••••« 

12 

7,123 

1.68 

Dover, 

- 

727 

— 

Needham, 

62 

3,035 

20.40 

Newton,  . 

4,266 

24,379 

175.00 

Waltharo, 

434 

18,707 

23.10 

Wellesley, 

58 

3,600 

16.10 

Weston,   . 

100 

1,664 

60.10 

Nearly  ninety  per  cent,  of  the  reported  cases  occurred  during 
the  months  of  May,  June,  July,  August,  September  and  October. 

In  regard  to  the  condition  of  the  land  near  the  river.  Dr.  Thomas 
says  :  *'  Both  along  the  river  itself  and  beside  the  various  tributary 
streams  is  found  much  swampy  and  poorly  drained  ground.  Not 
only  is  this  true,  but  in  many  places  the  river  itself  spreads  out  over 
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a  considerable  area,  forming  extensive  shallows  surrounded  by  a 
wider  or  narrower  strip  of  marsh.  At  seasons  when  the  water  is 
low,  many  of  the  shallows  are  exposed,  or  partly  exposed,  to  the 
air  and  sun,  while  retaining  abundance  of  moisture ;  in  other  words, 
forming  most  favorable  culture  grounds  for  the  malarial  parasite. 
This  exposure  of  large  areas  of  surface,  when  the  level  of  the  water 
is  lowered  but  a  few  inches,  is  seen  not  only  in  the  bed  of  the 
Charles  River  but  along  many  of  its  tributaries  and  in  many  of  the 
ponds  which  lie  scattered  through  the  whole  region,  and  even  more 
in  the  case  o£  artificial  reservoirs  constructed  for  manufacturing: 
purposes,  or  for  supplying  water  to  neighboring  towns  and  cities." 

Two  methods  occur  to  us  by  which  the  preservation  of  the  at- 
tractive features  of  the  stream  may  be  secured ;  one  by  actual  pur- 
chase of  so  much  of  the  river  banks  as  may  be  necessary  for  this 
purpose,  the  other  by  some  arrangement  with  the  riparian  owners, 
by  means  of  which  the  banks  of  the  river,  to  an  appropriate  dis- 
tance from  the  stream,  shall  be  controlled  in  such  manner  as  not  to 
interfere  with  full  private  enjoyment  of  them,  but  at  the  same  time 
to  prevent,  from  the  public  point  of  view,  a  harmful  use  of  them. 

Some  of  the  higher  banks  of  the  stream  are  now  in  the  hands  of 
individuals  who  have  built  expensive  houses  and  laid  out  ornamental 
grounds  ;  for  the  present,  at  least,  the  interests  of  these  owners  are 
the  same  as  those  of  the  public,  — the  preservation  of  the  river 
with  all  its  attractive  features.  To  them,  therefore,  the  proposition 
to  establish  a  line  along  the  banks  of  the  stream  within  which  no 
changes  shall  be  made  without  the  consent  of  some  public  authority 
acting  in  the  interests  of  all  would  be  a  benefit  rather  than  a  hard- 
ship, for  they  would  be  protected  against  injurious  changes  upon 
neighboring  estates.  It  would  not  be  advisable,  in  our  opinion,  to 
allow  the  public  any  right  to  enter  upon  the  territory  thus  reserved, 
for  there  should  at  the  same  time  be  secured  at  convenient  and  at- 
tractive points  sufficient  areas  for  all  the  reasonable  uses  to  which 
this  river  is  now  put, — uses  which  would  be  indefinitely  multiplied 
in  case  the  natural  beauties  of  this  district  are  maintained. 

Estimates  which  have  been  made  by  persons  in  whose  knowledge 
of  the  territory  in  question  we  have  full  confidence  show  that  suffi- 
cient land  might  be  acquired  by  purchase,  where  actual  public 
ownership  seems  essential,  and  control  of  certain  other  high-priced 
or  developed  lands  secured,  the  possession  of  which  by  the  public 
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is  not  requisite  unless  an  inferior  use  of  them  is  feared,  for  a  sum 
of  money  not  exceeding  $300,000.  In  this  sum  are  included  the 
probable  expenses  of  building  some  simple  contrivances  for  the 
easy  transfer  of  boats  over  the  successive  danis  u]X)n  the  stream. 

To  obtain  the  various  results,  the  necessity  of  which  has  been 
thus  briefly  stated,  it  is,  in  our  opinion,  imperative  that  the  follow- 
ing steps  should  be  taken :  — 

1.  That  the  high- water  surface  of  the  Charles  River,  from  the 
dam  at  Watertown  up  to  the  Dedham  line,  should  l>e  made  a  por- 
tion of  the  metropolitan  park  system;  that  measiires  should  bo 
taken  for  securing  a  water  level  as  nearly  permanent  as  possible 
throughout  the  warmer  months  of  the  year;  that  arrangements 
should  be  made  for  the  convenient  transfer  of  boats  over  the  dams 
on  the  river. 

2.  That  certain  lands  be  taken  upon  the  1)anks  of  the  river  for 
places  of  public  resort  and  convenience,  and  that  rights  be  taken 
in  all  the  remaining  frontage  on  the  river  for  the  purpose  of  pre- 
venting obnoxious  uses  of  the  same. 

3.  That  the  whole  area  so  secured  be  placed  under  the  control 
of  some  public  authority  having  power  to  protect  and  improve  it. 

HENRY  P.  WALCOTT,  Ckairmanj 
PHILIP  A.  CHASE, 
WILLIAM  B.  DE  LAS  CASAS, 
ABRAHAM  L.  RICHARDS, 
AUGUSTUS   HEMENWAY, 
EDWIN   B.  HASKELL, 

Board  of  Metroj>olilan  Park  Commissioners, 

HIRAM   F.  MILLS, 
FRANK  W.  DRAPER, 
GERARD   C.  TOBEY, 
JAMES   W.  inJLL, 
CHARLES   H.  PORTER, 
JULIAN  A.  MEAD, 

State  Board  of  Health, 
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Sewerage  of  the  City  of  Salem  and  the  Town  of 

Peabodt. 


To  (he  OtnercU  Court  of  Massachusetts, 

The  State  Board  of  Health  has  investigated  and  considered  a  gen- 
eral system  of  drainage  and  sewerage  for  the  city  of  Salem  and  the 
town  of  Peabody,  as  authorized  and  directed  by  chapter  112  of  the 
Resolves  of  1895  and  chapter  69  of  the  Resolves  of  1896,  and  submits 
the  following  report. 

The  resolves  under  which  the  work  has  been  done  are  as  follows :  — 

[Chapter  112,  Rbsoltbs  of  1895.] 

Resolvr  relatfve  to  Sewage   Disposal  and  Drainage  in  Salem  and 

Peabody. 

Besolvedy  That  the  state  board  of  health  is  hereby  authorized  and  directed 
to  consider  and  report  a  general  system  of  drainage  and  sewerage  for  the 
city  of  Salem  and  town  of  Peabody,  or  for  such  parts  of  said  city  and  town, 
not  all  of  which  shall  be  wholly  within  either  of  said  manicipalities,  as  may, 
io  the  opinion  of  said  board,  be  best  drained  by  said  system.  It  shall  be 
the  duty  of  said  board :  —  First.  To  designate  the  portions  of  said  city  and 
town  which  shall  be  tributary  to  and  embraced  in  the  district  and  system 
to  be  BO  reported,  and  to  define  the  same  by  their  report,  with  plans  and 
maps.  Second.  To  define  and  show,  by  suitable  plans  and  maps,  such 
tronk  line  and  main  branches  as  it  shall  recommend  to  be  constructed,  with 
oatlet.  Third.  To  consider  the  various  methods  of  disposal  of  sewage 
and  tbe  application  of  such  methods  to  any  portion  of  the  territory  herein 
mentiooed;  and  to  define  the  methods  by  which  said  city  and  town^  ot 
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parte  of  said  city  and  town,  may  utilize  said  trunk  line  and  main  branches 
as  an  outlet  of  a  system  of  sewerage  and  drainage  for  said  city  and  town 
and  said  parte  of  said  city  and  town  respectively ;  and  to  show  the  same  by 
plans  and  maps.  Fourth.  To  employ  such  engineering  and  other  assist- 
ance as  may  be  necessary  for  carrying  out  the  objecte  of  this  resolve,  and 
to  cause  such  surveys  and  levels  to  be  made  as  will  enable  said  board  to 
determine  with  accuracy  the  location  and  grades  of  said  trunk  line  and  main 
branches,  and  also  such  surveys  and  levels  in  said  city  and  town,  and  parte 
of  said  city  and  town,  as  will  enable  said  board  to  determine  with  accuracy 
the  methods  by  which  said  city  and  town,  and  parte  of  said  city  and  town, 
may  respectively  utilize  said  trunk  line  and  main  branches,  and  to  report 
such  methods  by  plans  showing  the  main  lines  by  which  each  may  so  pro- 
vide for  iteelf  a  system  of  sewerage  and  drainage  with  ite  outlet  into  said 
trunk  line  or  main  branches.  Fifth.  To  define  the  size  and  capacity  of 
said  trunk  line  and  main  branches,  and  the  materials  of  which  they  should 
be  constructed  and  manner  of  construction,  and  such  other  particulars  as 
will  enable  said  board  to  determine  the  probable  expense  thereof ;  and  to 
ascertain  and  re|)ort  the  cost  of  the  construction  of  said  trunk  line  and 
main  branches  and  outlet,  and  to  report  a  recommendation  as  to  the  methods 
of  apportioning  said  cost.  All  expenses  incurred  by  said  board  under  the 
provisions  of  this  resolve  shall  be  reported  to  the  governor  and  council,  and 
all  such  expenses  when  approved  by  them  shall  be  paid  out  of  the  treasury 
of  the  Commonwealth ;  but  the  total  expenditure  shall  not  exceed  three 
thousand  dollars.  The  Commonwealth  shall  be  reimbursed  for  such  ex- 
penditure under  this  resolve  as  shall  have  been  approved  by  the  governor 
and  council  in  the  following  manner :  —  The  town  of  Peabody  and  the  city 
of  Salem  shall  each  pay  such  proportion  of  the  above  expenditure  as  the 
said  board  shall  deem  to  be  equitable,  and  the  amounte  so  to  be  paid  by 
each  shall  be  assessed  and  collected  by  the  treasurer  of  the  Commonwealth 
at  the  time  required  for  the  payment  of  the  state  tex  of  said  town  and  said 
city  respectively.  Said  board  shall  make  all  reports  required  by  this  resolve 
to  the  general  court  on  or  before  the  first  Wednesday  of  January  in  the  year 
eighteen  hundred  and  ninety-six.     [^Approved  May  29 j  1895. 

[Cbaptbb  69,  Rbsoltes  op  1896.] 

Resolve  extending  the  Time  for  the  Report  of  the  State  Board  of 
Health  relative  to  Sewage  Disposal  and  Drainage  in  Salem  and 
Peabody. 

Reaolvedy  That  there  be  allowed  and  paid  out  of  the  treasury  of  the  Com- 
monwealth a  sum  not  exceeding  one  thousand  dollars,  to  be  expended  by 
the  sUte  board  of  health  in  continuing  the  investigations  relating  to  a  gen- 
eral system  of  drainage  and  sewerage  for  the  city  of  Salem  and  the  town 
of  Peabody,  provided  by  chapter  one  hundred  and  twelve  of  the  resolves  of 
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the  year  eighteen  hundred  and  ninety-five,  said  amount  being  in  addition  to 
the  three  thousand  dollars  provided  for  in  said  resolve ;  the  Commonwealth 
to  be  reimbursed  for  such  additional  expenditure  herein  provided  for  as 
shall  be  approved  by  the  governor  and  council,  in  the  same  manner  as  pro- 
vided in  said  resolve.  The  time  allowed  for  the  completion  of  the  report 
of  said  state  board  of  health  relative  to  said  general  system  of  drainage 
and  sewerage  for  the  city  of  Salem  and  the  town  of  Peabody  is  hereby  ex- 
tended, and  said  board  is  directed  to  submit  said  report  in  print,  together 
with  plans  and  estimates  of  cost,  to  the  city  of  Salem  and  the  town  of  Pea- 
body  on  or  before  the  first  day  of  July  in  the  present  year,  and  to  present 
a  duplicate  of  said  report  to  the  general  court  on  or  before  the  first  Wednes- 
day of  January  in  the  year  eighteen  hundred  and  ninety-seven.  [^Approved 
April  17,  1S96, 

The  nuisances  caused  by  the  discharge  of  sewage  about  Salem 
have  been  the  cause  of  complaint  for  many  years,  and  much  money 
has  been  expended  in  various  ways  to  improve  the  sanitary  condi- 
tion of  the  city.  The  shores  about  Salem  are  generally  low,  and 
large  areas  of  flats  are  exposed  at  low  tide.  The  flats  in  many 
places  have  become  oflensive  on  account  of  the  discharge  of  sewage 
upon  them,  and  new  sewers  have  been  built  from  time  to  time  to 
remove  the  sewage  to  other  points  of  discharge. 

The  worst  nuisance  existing  at  present  is  found  in  the  North  River. 
This  stream  is  the  natural  drain  of  a  territory  containing  numerous 
tanneries  and  similar  establishments,  sewage  from  which  is  dis- 
charged directly  into  the  stream.  The  sewage  from  these  works  is 
of  a  particularly  oflensive  character,  and  contains  a  much  greater 
amount  of  putrescible  organic  matter  than  is  contained  in  an  equal 
quantity  of  ordinary  domestic  sewage.  Several  house  sewers  are 
also  discharged  into  this  stream,  but  the  quantity  of  house  sewage  is 
probably  very  small  compared  with  the  quantity  of  manufacturing 
sewage. 

Above  North  Street  bridge  the  North  River  is  confined  generally 
in  a  narrow  channel,  while  below  the  bridge  there  is  a  wide  tidal 
estuary.  The  slackening  of  the  current  of  the  river  when  it  enters 
this  estuary  causes  a  deposit  of  the  heavier  matters  from  the  sewage, 
and  it  is  understood  that  dredging  has  been  resorted  to  from  time  to 
time  in  order  to  remove  deposits  from  the  bottom  of  the  river  in  this 
▼icioity. 

Nuisances  exist  in  several  other  places  about  Salem,  particularly 
in  the  South  River  and  in  Palmer's  Cove.     An  intercepting  sewer 
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recently  constructed  removes  a  small  portion  of  the  sewage  formerly 
discharging  into  the  South  River  and  some  of  the  sewage  formerly 
discharging  directly  into  the  harbor  to  a  point  of  discharge  near  the 
Philadelphia  &  Reading  coal  wharf;  but  this  place  of  discharge  is 
not  likely  to  prove  satisfactory,  on  account  of  the  large  areas  of  flats 
in  the  vicinity  of  the  outlet  and  the  slow  currents  in  the  harbor. 
Should  the  presei^t  conditions  continue,  the  nuisances  will  inevitably 
grow  worse  with  the  increase  of  population  and  the  consequent 
increase  in  the  quantity  of  domestic  and  manufacturing  sewage 
that  will  be  discharged  into  the  streams  and  tidal  waters  about 
Salem. 

The  Board  has  not  thought  it  necessary  to  describe  in  further 
detail  the  existing  nuisances,  since  the  conditions  are  well  known  to 
the  inhabitants  of  Salem  and  Peabody,  and  several  attempts  have 
been  made  in  the  past  to  provide  a  satisfactory  remedy.  Permanent 
relief  from  existing  nuisances  can  be  obtained  only  by  purifying  the 
sewage  before  discharging  it  near  the  shores,  or  by  conveying  it  in  a 
crude  state  to  some  point  of  discharge  at  such  a  distance  from  inhab- 
ited shores  that  it  will  become  well  diluted  before  any  portion  of  it 
can  reach  any  shore. 

From  a  conskleration  of  the  whole  question,  it  is  evident  that  the 
most  appropriate  and  least  expensive  method  of  disposing  of  the 
domestic  and  manufacturing  sewage  of  Salem  and  Peabody  is  by  dis- 
charging it  into  the  sea,  rather  than  by  attempting  to  purify  it  upon 
land  or  to  clarify  it  by  removing  the  suspended  matters  so  far  as  pos- 
sible by  the  use  of  chemicals. 

In  order  to  determine  the  most  appropriate  point  of  discharge  in 
Salem  harbor,  a  careful  study  of  the  tidal  currents  at  several  points 
has  been  made  by  means  of  floats.  The  results  of  these  experi- 
ments show  that  the  tidal  currents  in  Salem  harbor  are  slow  and 
weak,  as  compared  with  those  in  Boston  harbor,  at  the  places  where 
the  north  and  south  metropolitan  sewer  systems  discharge ;  and  no 
strong  tidal  current  is  found  at  any  point  near  the  shore  into  which 
the  quantity  of  sewige  that  is  likely  to  be  produced  by  Salem  and 
Peabody  could  be  discharged  without  danger  that  some  of  the  solid 
matters  from  the  sewage  might  be  deposited  upon  the  shores  in  the 
vicinity  of  the  outlet.  The  experiments  show  that  the  sewage  could 
be  safely  discharged  at  Great  Haste  Island  at  all  stages  of  the  tide 
without  danger  that  it  would  produce  a  nuisance  upon  any  shore,  and 
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this  is  the  most  appropriate  place  for  the  disposal  of  the  sewage ;  but 
the  cost  of  conveying  the  sewage  to  this  point  would  be  so  great  for 
the  present  population  that  it  is  desirable  to  select  a  point  nearer  the 
shore,  even  though  the  conditions  are  somewhat  less  favorable  for  the 
satisfactory  disposal  of  the  sewage.  Float  experiments  indicate  that 
if  the  sewage  should  be  discharged  at  Great  Aqua  Vitro  Beacon, 
about  half  a  mile  east  of  Fort  Pickering,  there  is  danger  that  with 
easterly  or  northerly  winds  floating  matters  from  the  sewage  might 
be  carried  to  the  shore  of  Salem  harbor,  or  even  to  the  Marble- 
head  shore  on  the  south ;  but  the  wind  would  be  likely  to  have  less 
influence  upon  a  body  of  water  covered  with  sewage  than  upon  the 
floats,  and  probably  little  if  any  trouble  would  be  experienced  from 
discharging  the  sewage  at  this  point  for  several  years.  In  view  of 
the  circumstances,  it  is  recommended  that  the  works  be  built  to  dis- 
charge the  sewage  at  Great  Aqua  Yitae  Beacon,  and  if  this  point  of 
discharge  becomes  objectionable  the  outlet  can  then  be  extended  to 
Great  Haste. 

Investigations  were  also  made  to  determine  the  feasibility  and 
probable  cost  of  disposing  of  the  sewage  by  discharging  it  at  a 
favorable  stage  of  the  tide  at  some  point  close  to  the  shore  of  Salem 
harbor,  and  providing  a  reservoir  to  hold  the  sewage  between  the 
tides.  A  location  for  a  reservoir  was  found  upon  Winter  Island, 
and  the  investigations  indicated  that  it  would  be  practicable  to  dis- 
pose of  the  sewage  by  discharging  it  off  Fort  Pickering  Light  upon 
the  outgoing  tide ;  but  on  account  of  the  extra  cost  of  the  reservoir, 
this  plan  would  be  more  expensive  than  the  plan  for  discharging  the 
sewage  continuously  at  Great  Aqua  Yitae  Beacon,  and  it  would  be 
less  satisfactory. 

The  proposed  sewer  begins  at  the  junction  of  Walnut  and  Central 
streets,  near  Peabody  Square,  in  the  town  of  Peabody,  and  extends 
through  the  valley  of  the  North  River  into  Salem,  crossing  the  main 
line  of  the  eastern  division  of  the  Boston  &  Maine  Railroad,  near  the 
northerly  end  of  the  tunnel,  and  along  the  shore  of  Collins  Cove  to 
a  proposed  pumping  station  on  the  north-easterly  side  of  the  Phila- 
delphia &  Reading  coal  wharf  at  the  shore  of  Salem  harbor*  The 
elevation  of  the  bottom  of  the  sewer  at  the  point  of  beginning  is 
12.47  feet  above  mean  low  tide,  and  its  diameter  is  3  feet  2  inches. 
The  grade  of  the  bottom  at  the  pumping  station  is  0.67  of  a  foot 
above  mean  low  tide,  and  its  diameter  6  feet. 
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At  the  pumping  station  all  of  the  sewage  will  be  raised  by 
pumps  to  a  height  varying  with  the  height  of  the  tide,  and  will 
be  discharged  at  all  stages  of  the  tide  at  Great  Aqua  Vitce 
Beacon. 

The  sewer  at  its  lower  end  at  the  pumping  station  has  a  capacity 
sufficient  to  remove  38,000,000  gallons  of  sewage  in  twenty-four 
hours  if  running  two-thirds  full,  or  48,000,000  gallons  if  running 
full.  The  capacity  of  the  sewer  has  been  based  upon  an  estimated 
daily  quantity  of  80  gallons  of  ordinary  sewage  per  inhabitant  for  a 
population  of  102,000,  which  mny  be  reached  at  the  present  rate  of 
growth  in  1U35,  and  upon  a  liberal  estimate  of  the  amount  of  manu- 
facturing sewage  that  may  be  produced  in  the  district  within  that 
time,  with  allowances  for  irregularity  in  the  discharge  of  sewage 
into  the  trunk  sewer. 

The  main  trunk  sewer  is  designed  to  receive  sewage  only,  and  the 
entrance  of  large  quantities  of  storm  water  should  be  prevented* 
To  this  end,  the  connections  of  existing  sewers  in  Salem,  which  now 
receive  both  sewage  and  surface  water,  with  the  main  trunk  sewer, 
should  be  provided  with  automatic  regulators,  as  is  done  in  the  case 
of  connections  between  sewers  which  receive  storm  water  and  the 
intercepting  sewers  in  the  city  of  Boston  and  in  the  metropolitan 
sewerage  district,  in  order  to  prevent  the  flooding  of  the  main  trunk 
sewer  and  other  tributary  systems  by  these  sewers  at  times  of 
storm.  The  mingled  sewage  and  storm  water  from  existing  sewers 
may  at  such  times  be  allowed  to  discharge  at  present  outlets. 

It  will  also  be  necessary  to  limit  the  quality  of  the  sewage  that 
may  enter  the  main  trunk  sewer  or  any  of  its  tributaries  so  as  to 
exclude  substances  from  manufacturing  sewage  that  will  not  flow 
through  the  sewers  or  will  have  to  be  taken  out  of  the  sand-catcher, 
and  all  matters  that  may  clog  the  pumps. 

In  some  mechanical  and  manufacturing  processes  a  considerable 
portion  of  the  water  used  may  not  be  fouled  to  an  appreciable  ex- 
tent, and  such  water  should  not  be  discharged  into  the  sewers,  but 
should  be  disposed  of  by  discharging  it  into  the  sea  or  into  some 
suitable  drainage  channel. 

The  total  cost  of  the  main  trunk  sewer,  with  pumping  station  and 
other  appurtenances  complete,  having  an  outlet  at  Great  Aqua  Vitie 
Beacon,  is  estimated  to  be  $440,116. 

On  account  of  the  topography  of  Salem  and  Peabody,  and  the  fact 
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that  only  two  nmnicipalities  are  mentioned  in  the  resolve,  no  main 
branches  are  fuund  to  be  necessary,  within  the  meaning  of  the 
resolve. 

In  Peabody  no  general  system  of  sewers  has  as  yet  been  con- 
structed, and  it  is  recommended  that  when  the  town  shall  provide 
itself  with  a  system  of  sewers,  the  separate  system  be  em[)loyed, 
and  that  surface  water  and,  so  far  as  possible,  ground  water  be  ex- 
cluded from  the  sewers.  In  Salem  some  of  the  existing  sewers 
will,  by  means  of  extensions,  serve  as  main  lines  of  sewerage  for  the 
city. 

In  extending  the  present  sewerage  system  of  Salem  it  is  recom- 
mended that  all  new  systems  of  sewers -be  constructed  upon  the 
separate  plan  and  that  storm  water  be  wholly  excluded.  It  is  also 
very  desirable  that  the  area  from  which  storm  water  is  admitted  to 
existing  sewers  should  be  restricted  as  much  as  is  practicable,  in 
order  to  avoid  the  expense  of  pumping  considerable  quantities  of 
storm  water  and  to  limit  as  much  as  possible  the  discharge  of  crude 
sewage  in  the  vicinity  of  the  shores  at  times  of  storms. 

The  resolves  under  which  this  work  has  been  done  require  that  the 
Board  shall  ascertain  and  report  the  cost  of  construction  of  a  trunk 
line  sewer  and  main  branches  and  outlet,  and  report  a  recommenda- 
tion as  to  the  method  of  apportioning  said  cost.  In  the  case  of  the 
metropolitan  sewerage  system,  which  includes  the  city  of  Boston 
and  twenty-one  neighboring  municipalities,  the  act  providing  for 
the  construction  and  operation  of  the  system  contains  a  provision 
that  there  shall  be  a  new  apportionment  of  the  charges  for  interest, 
sinking  fund  and  maintenance  once  in  five  years ;  and  a  precedent 
for  the  apportionment  of  the  cost  of  construction  and  of  maintenance 
and  operation  of  the  metropolitan  sewers  among  the  several  cities 
and  towns  composing  the  metropolitan  sewerage  district  has  already 
been  well  established  by  the  reports  of  two  commissions  appointed 
by  the  supreme  court  to  make  such  apportionment.  The  same 
method  of  apportionment  has  been  adopted  by  both  commissions, 
and  is  as  follows :  charges  for  interest  and  sinking  fund,  which  rep- 
resent the  cost  of  construction  of  the  works,  are  based  upon  the 
valaation  of  the  municipalities  included  within  the  district,  and  the 
charges  for  maintenance  and  operation  are  based  upon  the  popula- 
tion. In  the  cases  of  cities  or  towns  portions  of  which  cannot  bo 
drained  by  the  metropolitan  system,  the  valuation  and  population 
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of  such  portions  were  excluded  in  favor  of  the  city  or  town  within 
whose  limits  these  areas  are  situated. 

There  appears  to  be  no  more  equitable  method  of  apportioning 
the  cost  of  construction  of  the  Salem  and  Peabody  system  between 
these  municipalities,  and  accordingly  this  method  is  recommended. 
The  property  valuations  used  by  the  commission  appointed  to  appor- 
tion the  cost  of  metropolitan  sewers,  which  reported  recently  (the 
report  being  dated  Oct.  16,  1896),  are  those  established  by  chapter 
90  of  the  Acts  of  1895,  and  the  valuations  of  Salem  and  Peabody 
established  by  that  act  are  as  follows :  — 

Salem f 30,649,889  00 

Peabotiy 8,089,864  00 

The  proposed  drainage  district  of  Salem  and  Peabody  includes 
the  whole  of  Salem,  but  6A^  square  miles,  or  4,224  acres,  in  the  town 
of  Peabody  will  not  be  drained  by  the  proposed  plan.  It  is  there- 
fore necessary,  in  deciding  the  proportion  that  Peabody  should  pay 
toward  the  cost  of  the  works,  to  determine  the  valuation  and  popu- 
lation of  the  town,  exclusive  of  the  portion  outside  the  proposed 
sewerage  district. 

The  valuations  furnished  by  the  Tax  Commissioner  and  estab- 
lished by  chapter  90  of  the  Acts  of  1895  give  the  total  valuations 
of  the  cities  and  towns,  and  it  is  not  possible  to  determine  exactly 
the  valuation  of  the  territory  in  the  town  of  Peabody  which  will  not 
be  reached  by  the  proposed  sewer.  The  most  accurate  approxima- 
tion that  could  be  made  appeared  to  be  the  following :  it  was  pos- 
sible to  obtain  from  the  assessors  of  Peabody  the  total  valuation  of 
real  and  personal  estate  in  the  whole  town  and  in  the  portion  of  the 
town  outside  the  proposed  sewerage  district  for  May  1,  1895.  It 
was  also  possible  to  obtain  from  the  Tax  Commissioner  the  total 
amount  of  bank  and  corporation  stock  belonging  to  Peabody  in 
1894;  and  one  of  the  Peabody  assessors,  after  an  examination  of 
the  records  of  the  Tax  Commissioner,  made  a  statement  as  to  the 
amount  of  this  stock  that  was  chargeable  to  the  portion  of  the  town 
outside  the  proposed  sewerage  district.  The  percentage  of  the  total 
valuation  of  the  town  that  is  represented  by  the  valuation  of  the 
portion  outside  the  proposed  sewerage  district  has  been  obtained 
from  these  amounts,  as  follows :  — 
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Assessors*  valuation  of  all  real  and  personal  estate 
In  Peabodj  (1895) 17,698,750  00 

Tax  CooQmissioner*s  valuation  of  all  corporation 
and  bank  stock  belonging  to  Pea  body  (1894),      .        786,875  00 

Total  for  town  of  Peabody, ♦8,385,125  00 

Assessors^  valuation  of  real  and  personal  estate  in 
Peabody  outside  of  sewerage  distiict,  .        .        .      $819,250  00 

Tax  Commissioner's  valuation  of  corporation  and 
bank  stock  belonging  in  Peabody,  outside  of 
sewerage  district  ascertained  as  above  (1894),    .        105,700  00 

Total  for  area  in  Peabody  outside  of  sewerage  distiict,        .         924,950  00 

Net  valuation  of  sewerage  district, 17,460,175  00 

Percentage  of  total  valuation  in  Peabody,  that  is,  outside  of  sewer- 
age district,    11.03084 

Deducting  this  percentage  from  the  total  property  valuation  of 
Peabody  made  by  chapter  90  of  the  Acts  of  1895,  which  is  $8,039,- 
864,  the  total  valuation  of  property  in  the  proposed  sewerage  dis- 
trict is  as  follows :  — 

Salem, $30,649,889  00 

Peabody, 7,152,999  00 

Total, $37,802,888  00 

The  percentage  of  each  to  the  total  and  the  proportion  which  each 
municipality  should  pay  toward  the  cost  of  the  works  under  this  ap- 
portionment at  the  present  time  is  as  follows  :  — 

Salem, 81.0782  per  cent. 

Peabody, 18.9218  per  cent. 

The  estimated  annual  cost  of  maintenance,  including  all  running 
expenses  and  repairs,  of  the  trunk  sewer,  pumping  station  and  har- 
bor outfall  for  Salem  and  Peabody,  discharging  at  Great  Aqua  Vitro 
Beacon,  is  $12,000.  The  present  quantity  of  sewage  produced  by 
Salem  and  Peabody  is  estimated  at  6,250,000  gallons  per  day,  and 
the  estimate  for  maintenance  is  based  upon  a  quantity  of  sewage 
equivalent  to  10,000,000  gallons  per  day,  which  may  represent  the 
arerage  quantity  of  sewage  to  be  disposed  of  for  ten  or  more  years 
ID  the  future. 

In  estimating  the  proportion  which  each  municipality  should  pay 
toward  the  maif^tenance* and  operation  of  the  system,  the  basis  used 
by  the  commissioners  ivho.  apportioned  the   cost  of  nK*troi)()litau 
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sewers,  as  already  stated,  is  the  population ;  and  here,  also,  it  is 
necessary  to  make  allowance  for  the  number  of  people  in  the  portion 
of  Peabody  outside  of  the  proposed  sewerage  district.  It  has  not 
been  thought  necessary  to  attempt  to  determine  this  population  with 
great  accuracy,  since  an  accurate  estimate  can  be  made  when  occa- 
sion may  require.  By  a  count  of  the  houses  in  the  district  outside 
of  the  area  draining  toward  the  proposed  sewer,  it  is  found  that  there 
are  about  103  houses  in  this  district.  Allowing  a  population  of  5 
persons  to  each  house,  the  number  of  people  in  this  district  would 
be  515.  Deducting  this  number  from  the  population  of  Peabody,  as 
determined  by  the  census  of  1895,  the  estimated  number  of  people 
within  the  proposed  sewerage  district  in  the  town  of  Peabody  is 
9,992. 

Dividing  the  cost  of  maintenance  and  operation  upon  the  basis  of 
population,  estimated  as  above,  the  proportion  which  Salem  and 
Peabody  would  pay  is  shown  by  the  following  table  :  — 

PopulAtloD,      Per  Cent,  of  CcMit 
1895.  of  Maintenance. 

Salem 34,473  77.63 

Peabody, 9,992  22.47 

In  constructing  public  works  of  this  magnitude  it  is  customary  to 
raise  the  money  for  the  work  by  issuing  bonds,  and  in  cases  like  the 
one  under  consideration,  where  the  works  are  expected  to  serve  for 
many  years  in  the  future,  bonds  are  issued  for  long  terms.  Pay- 
ment for  the  bonds  is  provided  for  generally  by  payments  to  a  sink- 
ing fund,  the  payments  being  so  arranged  as  to  extinguish  the  debt 
at  the  maturity  of  the  bonds.  In  order  to  indicate  approximately 
what  the  probable  yearly  cost  to  each  municipality  would  be,  should 
bonds  be  issued  for  the  construction  of  the  works  and  a  sinking  fund 
created  to  pay  them  at  maturity,  the  following  estimate  has  been 
prepared.  The  interest  charges  have  been  assumed  to  be  4  per 
cent.,  which  appears  to  be  the  average  rate  of  interest  on  town  and 
city  bonds  issued  under  favorable  conditions  within  the  last  few 
years,  although  such  bonds  would  command  a  premium  at  the  pres- 
ent time ;  and  the  sinking  fund  has  been  estimated  at  1^  per  cent, 
annually,  which  would  extinguish  the  debt  in  forty  years. 

Estimated  yearly  cost  for  interest  and  sinking  fund,  at  5} 

per  cent.,  is f  23,106  09 

Estimated  yearly  cost  of  maintenance  is        ...        .       12,000  00 

Total,       .        .        . ' (35,106  09 
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Dividing  these  two  amounts  between  Salem  and  Peabody,  on  the 
basis  of  apportionment  already  given,  the  total  yearly  cost  and  the 
cost  per  capita  tax  to  each  municipality  would  be  as  follows :  — 


Tkaslt  Cobt  for 
Imtbkbst 

AXD  SlXKIVO  FUHD. 

Tkavlt  Cost  fob 
Maimtbnahcb. 

TBAKLT  Con  FOR 

INTBRKHT, 

SlKKIKO  FUKD  A!fD 

UAIMTRirAIfCR. 

Tot*l. 

Per 

Capita. 

ToUL 

Per 
Caplu. 

Total. 

Per 

Capita. 

Salem,    . 
Peabodj, 

118,784  00 
4,372  09 

to  54 
44 

•9,303  60 
2,696  40 

|0  27 
27 

1 

•28,037  60 
7,068  49 

•0  81 
71 

Should  the  State  create  a  district,  and  should  it  construct  and 
operate  the  main  sewer  system  herein  proposed  in  the  same  manner 
as  in  the  case  of  the  metropolitan  sewerage  district,  and  charge  the 
amounts  for  interest,  sinking  fund  and  maintenance  to  the  city  of 
Salem  and  the  town  of  Peabody,  a  considerable  saving  would  be 
made  in  the  cost  of  interest  and  sinking  fund  to  Salem  and  Pea- 
body. 

In  the  case  of  the  metropolitan  sewerage  loan,  the  bonds  bear 
interest  at  a  rate  of  3  per  cent.,  but  at  the  present  time  the  rate  of 
interest  upon  State  bonds  would  probably  be  higher.  Assuming 
that  the  rate  of  interest  would  be  3^  per  cent,  (at  which  rate  the 
bonds  would  command  a  premium  at  present),  and  that  the  payment 
to  the  sinking  fund  would  be  1^  per  cent.,  as  before,  the  annual  cost 
to  Salem  and  Peabody  would  be  :  — 


Estimated  annual  cost  of  interest  and  sinking  fund,  at  4| 

per  cent.,  is 

Estimated  annual  cost  of  maintenance  is       .        .     •  .        • 


f  20,905  51 
12,000  00 


Total, f32,905  51 

This  would  be  at  a  rate  of  $2,200.58  per  year  less  than  if  the 
towns  raised  the  money  themselves ;  or,  in  other  words,  the  use  of 
the  credit  of  the  State  would  reduce  the  yearly  cost  for  interest  and 
sinking  fund  by  about  9<t  per  cent. 

The  total  cost  and  cost  per  capita  to  each  municipality  would  then 
be  as  follows:  — 
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Yearlt  Cost  roz 

INTRKKST 
AMD  8I2IKIKO  FUKD. 

Tbaklt  Co»t  fo« 
Maixtbwaxck. 

Ybaklt  Cost  roR 

IKTKKKST, 
SiVKIItO  FUHD  AVD 

Maiktbhamcs. 

ToUL 

Per 
Capita. 

Total. 

Per 
Capita 

Total. 

Per 
Capita. 

Salem,    . 
Peabody, 

•  16,949  81 
3,955  70 

10  49 

40 

f9,303  60 
2,696  40 

•0  27 
27 

126,253  41 
6,652  10 

10  76 

67 

By  a  provision  of  the  resolves  under  which  this  investigation  has 
been  made,  it  is  required  that  the  town  of  Peabody  and  the  city  of 
Salem  shall  each  pay  such  proportion  of  the  expenditure  as  the 
Board  shall  deem  to  be  equitable. 

It  is  deemed  equitable  that  the  cost  of  the  preliminary  investiga- 
tion should  be  provided  for  in  a  manner  similar  to  that  which  would 
probably  be  used  in  providing  for  the  payment  of  the  cost  of  the 
works ;  that  is,  that  the  cost  of  the  investigation  should  be  divided 
upon  the  basis  of  the  valuation  of  the  portions  of  each  municipality 
included  within  the  proposed  drainage  district.  The  appropriations 
and  total  cost  of  the  work  have  been  as  follows :  — 

AppropriatioDS, $4,000  00 

EXPKNDITDRES. 

Salaries  of  engineers  and  assistants, $3,301  50 

Travelling  expenses, 8814 

Labor  in  making  borings, 345  54 

Pipe  and  material  for  borings, 29  49 

Glass  bottles  for  samples  of  soil  from  borings, 8  88 

Teaming. 10  00 

Lumber, 7  75 

Hardware, 5  41 

Tin  cans  for  floats, 4  25 

Drafting, 80  00 

Rental  of  instrument, 15  00 

Drawing  materials, 13  11 

Maps  and  map  mounting, 17  85 

Stationery,  postage  and  money  order, 2  50 

Expressago, 3  11 

Telephone  and  telegraph  messages, 1  53 

Miscellaneous  incidentals, 9  45 


Total  expended  for  surveys  and  investigations. 


f3,913  51 
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Dividing  this  amount  on  the  basis  of  valuation  of  each  munici- 
palitjy  the  amount  to  be  paid  by  each  as  its  share  of  the  cost  of  sur- 
veys and  investigations  is  as  follows  :  — 

Pereentag*  to 

be  paid.  ToUl. 

Salem 81.0782        18,197  88 

Peabody 18.9218  746  18 

To  these  amounts  there  is  to  be  added,  under  a  ruling  of  the  State 

Auditor,  the  cost  of  printing  reports  for  each  municipality,  with 

maps  and  plans,  making  the  total  assessment  of  each  municipality  as 

follows :  — 

Salem. 

For  proportion  of  cost  of  surveys  and  investigations,         .     f  8,197  88 
For  printing  of  730  copies  of  report  (including  plans),     .  228  29 

Total  assessment, 18,420  62 

Peabody. 

For  proportion  of  cost  of  surveys  and  investigations,        .         |746  18 
For  printing  of  475  copies  of  report  (including  plans),     .  145  29 

Total  assessment, f891  47 

and  the  Board  deems  it  equitable  that  the  city  of  Salem  shall  pay 
(3,420.62  and  the  town  of  Peabody  $891.47  as  their  proportion  of 
the  above  expenditures. 

Thef  reports  of  Mr.  G.  A.  Kimball,  the  engineer  employed  by  the 
Board  to  conduct  the  investigations  and  prepare  plans  of  the  works, 
and  of  Mr.  Joseph  P.  Davis,  the  consulting  engineer  of  the  Board,' 
appear  in  the  special  report  presented  to  the  Legislature. 

H.  P.  WALCOTT, 
H.  F.  MILLS, 

F.  W.  DRAPER, 

G.  C.  TOBEY, 
J.  W.   HULL, 
C.  H.  PORTER, 
J.  A.  MEAD, 

State  Board  of  Health. 
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REPORT 


or  THE 


STATE  BOARD  OF  HEALTH 


UPON  THE 


Sanitary  Condition  and  Improvement  of  the 

Neponset  Meadows. 


To  the  ITfynorable  the  Senate  and  House  of  Bepresentaiives  of  the  CoinmoiiweaUh 

in  General  Court  assembled. 

The  State  Board  of  Health,  acting  under  chapter  83  of  the  Re- 
solves of  1895,  has  investigated  the  sanitary  condition  of  the 
meadows  on  the  Neponset  River  in  the  towns  of  Canton,  Sharon, 
Norwood,  Dedham,  Milton  and  Hyde  Park,  and  herewith  submits 
the  results  of  that  examination,  together  with  recommendations  for 
the  improvement  of  the  sanitary  condition  of  these  meadows  and 
the  removal  of  nuisance  therefrom. 

These  meadows  cover  an  area  of  3,662  acres.  Of  this  surface 
hardly  more  than  600  acres  appear  to  be  in  a  condition  adapted  to 
protitable  agriculture.  From  the  remaining  territory  crops  of  hay 
are  obtained  occasionally,  or  not  at  all.  The  condition  of  the 
meadows  seems  to  have  grown  worse  in  recent  years,  and  many 
of  the  larger  owners  have  abandoned  the  attempt  to  secure  some 
degree  of  drainage  by  the  maintenance  of  open  ditches,  on  account 
of  the  steadily  diminishing  returns  from  the  crops. 

At  an  earlier  day  and  for  a  succession  of  years  a  grass  known  as 
the  fowl  meadow  or  false  redtop  grew  on  these  meadows,  — the  first 
name  still  is  used  to  designate  the  locality, — and,  proving  to  ])e  a 
valuable  forage  plant,  gave  a  high  value  to  the  lands  upon  which  it 
flourished.  The  present  condition  of  the  territory,  however,  is 
evidently  not  so  favorable  as  it  once  was  to  the  growth  or  preserva- 
tk>D  of  this  gnss,  and  it  is  also  probable  that  cheaper  transpottalioik 
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has  brought  into  this  market  hay  of  a  better  quality  at  a  price  lower 
than  that  at  which  this  marsh  grass  could  be  profitably  sold.  As  a 
result  of  either  or  both  of  these  conditions,  the  value  of  these  lands 
has  steadily  fallen. 

While  it  might  be  expected  that  the  meadows  should  be  unin- 
habited, as  they  are,  it  is  not  at  first  so  easy  to  understand  why  the 
higher  grounds  in  the  vicinity  should  be  still  unoccupied  by  the 
rapidly  increasing  suburban  population  which  seeks  and  finds  accept- 
able building  sites  at  distances  from  the  business  centre  of  Boston 
more  considerable  than  any  portion  of  the  area  in  question.  The 
facilities  for  transportation  by  convenient  railroads  are  at  least  as 
good  as  can  be  found  in  other  directions  from  Boston,  and  the  towns 
which  make  up  the  district  appear  to  bo  desirable  places  of  residence. 
There  has,  however,  for  years  existed  a  popular  belief  that  the 
meadows  have  become  a  source  of  sickness,  and  this  feeling  seems 
recently  to  have  increased.  Intelligent  observera  report  that  these 
meadows  are  at  times  the  source  of  disagreeable  odors  and  the  direct 
cause  of  much  sickness.  The  examinations  by  this  Board  have 
shown  that  the  upper  portion  of  the  stream  was  very  seriously 
polluted,  and  the  opinions  of  the  physicians  residing  and  practising 
in  the  valley,  which  have  been  from  time  to  time  collected,  indicate 
a  general  l>elief  on  the  part  of  the  medical  profession  that  the  con- 
ditions affecting  health  here  are  more  unfavorable  than  they  formerly 
were. 

The  valley  of  the  Neponset  River  has  twice  before  been  the  subject 
of  extended  examinations  by  the  State  authorities,  —  first  by  the 
State  Board  of  Health  in  1875,  and  subsequently  by  the  Massachu- 
setts Drainage  Commission  in  1885.  In  addition  to  these  exami- 
nations, a  description  of  the  Neponset  River  basin,  with  statistics 
relating  to  its  pollution  and  analyses  of  its  waters,  may  be  found 
in  the  special  report  of  the  State  Board  of  Health  on  the  examination 
of  water  supplies,  1890,  and  in  the  twenty-second  annual  report  of 
the  Board.  So  much  of  the  great  body  of  facts  collected  by  the 
Board  as  may  be  necessary  for  the  purposes  of  this  report  will  be 
found  in  the  report  of  the  engineer,  contained  in  the  special  report 
presented  to  the  Legislature. 

The  earliest  notices  of  these  meadows  give  evidence  that  even  then 

there  were  prolonged  periods  of  flooding,  and  that  it  was  found 

necessarv  to  clear  the  bed  of  the  stream  from  time  to  time  of  its 

obstructions,  consisting  of  fallen  trees  and  shrubs  with  the  entangled 

rubbish.     'With  the  iDcreasing  pollution  of  the  stream,  however, 
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another  and  more  persistent  interference  with  the  current  became 
operative.  The  waste  matters  of  human  life  and  the  refuse  of  manu- 
£EU!tories,  when  added  to  the  waters  of  the  stream,  became  eflScient 
feililizers  for  the  vegetable  substances  that  find  a  home  there,  and 
their  increased  quantity  became  a  mechanical  hindrance  to  the  cur- 
rent, promoted  deposits  in  the  bed  of  the  stream,  and  finally,  by 
their  decay,  gave  to  the  atmosphere  odors  which  common  experience 
as  well  as  scientific  knowledge  declare  to  be  injurious  to  health. 

An  accurate  estimate  of  the  amount  of  sickness  produced  by  the 
condition  of  these  meadows,  founded  upon  statistical  inquiry,  is 
almost  impossible,  and  largely  for  the  reason  that  the  common-sense 
of  the  people  and  their  freedom  to  select  more  salubrious  locations 
have  prevented  settlements  in  the  immediate  vicinity  of  these  low 
lands.  We  find  here,  at  an  average  distance  of  thirteen  miles  from 
the  State  House,  an  area  of  more  than  eleven  square  miles  which  is 
uninhabited.  The  people  have  not  had  the  same  objections  to  resi- 
dence near  the  great  salt  marshes  which  line  our  coast,  where  the 
conditions  of  flooding  and  soil  moisture  are  apparently  as  serious  as 
they  can  be  in  the  Neponset  valley,  but  are  not  associated  with  a 
seriously  polluted  water  or  excessive  growth  and  decay  of  vegetable 
matters. 

We  are  of  the  opinion  that  the  condition  of  these  meadows  and  of 
the  beds,  shores  and  waters  of  the  Neponset  River  is  injurious  to 
the  public  health.  The  opinions  of  the  physicians  of  this  district,  as 
ascertained  by  an  inquiry  instituted  by  the  Board,  are  also  distinctly 
to  the  effect  that  the  conditions  which  now  exist  here  are  unfavor- 
able to  health  and  that  the  unhealthfiil  conditions  are  increasing  in 
amount  from  year  to  year. 

One  disease  has  attracted  considerable  attention  in  recent  years  in 
many  portions  of  this  State,  — malarial  fever,  — and  portions  of  this 
valley  have  suffered  from  it,  and  severely,  when  the  limited  popula- 
tion is  taken  into  account. 

One  farm-house  was  found  not  far  removed  from  the  meadows,  but 
lying  many  feet  above  their  level,  which,  well  built  and  well  cared 
for,  had  failed  to  offer  adequate  protection  against  an  influence  which, 
originating  beyond  the  immediate  surroundings  of  the  house  itself, 
was  sufficiently  potent  to  affect  more  than  half  of  the  ten  occupants 
of  the  bouse. 

We  find  that  malarial  diseases  are  uniformly  prevalent  in  the 
NepoDset  basin,  though  no  distinct  concentration  of  cases  has  been 
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anywhere  observed  except  in  the  case  of  the  farm-house  above  cited. 
This  is  a  condition  of  things  which  points  distinctly  to  some  influence 
which  pervades  the  whole  district,  and  the  obvious  origin  of  such  an 
influence  is  the  condition  of  the  Fowl  Meadows,  with  the  polluted 
river  and  large  areas  of  stagnant  water.  While  the  current  theories 
upon  the  subject  of  malarial  diseases  may^uflSciently  explain  the 
occurrence  of  these  diseases  in  a  marshy  region,  with  stagnating 
water  and  the  inevitable  accompaniment  of  decaying  vegetation,  we 
are  well  aware  that  future  scientific  examination  may  find  the  really 
essential  factor  in  some  hitherto  unsuspected  condition  of  such  terri- 
tories. But  it  fortunately  is  true  that  malarial  diseases  where  once 
prevalent  have  disappeared  upon  the  removal  of  conditions  such  as . 
those  now  found  through  the  Neponset  valley,  and  that  the  general 
healthfulness  has  been  distinctly  and  immediately  increased  thereby. 

Attention  is  also  called  to  the  report  contained  in  appendix  pre- 
pared ]\y  the  chemist  of  the  Board.*  With  the  co-operation  of  the 
owners  of  the  larger  manufactories  on  the  river,  a  very  complete 
examination  has  been  made  of  methods  for  diminishing  the  pollution 
of  the  stream  by  treatment  of  the  eflluents  from  these  esta,blishments, 
and  it  has  l)een  found  that  these  etfluents,  either  by  themselves  or 
when  mixed  with  ordinary  town  sewage,  can  ])e  satisfactorily  purified 
upon  properly  prepared  sand  filters.  It  is  advisable,  however,  to 
remove  by  sedimentation  from  the  factory  etfluent,  before  it  reaches 
the  filter,  so  much  of  the  sludge  contained  therein  as  is  possible. 
This  sludge  can  be  removed  from  the  sewage  by  means  of  a  settling 
basin  of  moderate  dimensions,  and,  as  it  contains  much  more  nitrogen 
than  ordinary  sewage,  could  proba])ly  be  readily  disposed  of. 

For  the  present,  at  least,  the  sparsely  settled  districts  adjoining 
the  meadows  do  not  appear  to  be  in  pressing  need  of  extended  sys- 
tems of  sewerage ;  but  the  time  will  come  when  the  same  provision 
which  is  here  recommended  for  the  factory  refuse  should  be  made  for 
the  collection  and  purification  of  domestic  sewage.  There  appear 
to  be  in  the  valley  areas  of  land  suited  to  intermittent  filtration, 
and  suflScient  in  quantity  for  the  needs  of  the  district. 

Portions  of  the  banks  of  the  stream  in  the  town  of  Hyde  Park  are 
at  present  in  an  unsanitary  condition  ;  but  legislation  subsequent  to 
that  authorizing  this  inquiry  by  the  Board  has  provided  a  suflScient 
means  for  the  relief  of  this  state  of  things,  through  the  construction 
of  a  sewer  system  having  an  outlet  into  the  metropolitan  system  of 
sewerage. 

*  This  may  be  found  in  the  special  report  of  the  Board  npon  the  Neponset  meadows,  pre- 
sented  to  the  Legislature  of  1897. 
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The  measures  which  we  recommend  for  the  remedy  of  the  con- 
ditions injurious  to  health  now  existing  in  the  Neponset  valley  are 
these : — 

First.  —  Such  additional  legislation  as  will  prevent  the  entrance 
into  this  stream  of  sewage  and  manufacturing  wastes  which  have  not 
been  satisfactorily  purified- 

Second.  —  The  permanent  removal  of  the  flashboards  of  the  dam 
of  the  Mattapan  Mills,  the  enlargement  of  the  cross-section  of  the 
river,  together  with  a  deepening  and  reconstruction  of  the  channel 
at  such  places  as  may  be  found  necessary  for  making  a  channel  of 
such  width  and  grade  as  will  prevent  the  flooding  of  the  meadows 
during  the  times  of  high  flows  in  late  spring  and  summer. 

A  conservative  estimate  of  the  cost  of  making  this  improvement, 
irrespective  of  land  and  water  damages,  is,  in  round  numbers, 
$125,000.  The  engineer  also  presents  some  figures* to  show  the 
increase  in  the  value  of  meadow  lands  reclaimed,  and  to  this  sum 
should  also  be  added  the  enhanced  value  of  the  now  neglected 
building  sites  immediately  adjoining  the  meadows.  It  can  thus  be 
demonstrated,  we  think,  that  the  work  of  improvement  would  be 
justifiable  from  a  money  stand-point  alone.  We  have  not  consid- 
ered it  within  our  province  to  present  the  agricultural  advantages 
of  a  drainage  of  this  expanse  of  meadows.  Land  so  well  adapted, 
as  this  would  be  when  drained,  to  the  purposes  of  market  gardening 
must  always  have  a  value  near  a  great  market  far  in  advance  of  any 
price  now  paid  for  land  in  this  district. 

When  we  limit  ourselves,  however,  to  considerations  of  health,  it 
scarcely  seems  necessary,  now  that  a  considerable  portion  of  the 
State  has  acquired  a  knowledge  of  the  depressing  and  disabling 
eflects  of  malarial  diseases,  to  insist  upon  the  economical  value  of  a 
freedom  from  the  conditions  that  favor  their  prevalence.  We  do  not 
hesitate,  therefore,  to  recommend  the  improvement  of  this  district, 
the  healthfiilness  of  which  is  vital  to  the  immediate  residents  therein, 
as  well  as  to  the  occupants,  present  and  future,  of  the  lands  lying 
about  it. 

It  will  be  remembered  that,  in  accordance  with  the  recommenda- 
tions of  the  Massachusetts  Drainage  Commission,  lejrislation  was  had 
now  embodied  in  chapter  375  of  the  Acts  of  1888.  Under  the  pro- 
visions of  this  act  the  State  Board  of  Health  has  the  general  over- 
sight and  care  of  all  inland  waters.     The  commission  which  suggested 

•  To  be  fooad  in  the  report  of  the  engineer,  which  accompanies  the  special  document  on 
the  Nepooiet  meadows,  presented  to  the  Legislature  of  1897. 
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the  legislation  above  referred  to  used  these  words  in  their  report  to 
the  Legislature  of  1886  :  — 

Let  these  guardians  of  inland  waters  be  charged  to  acquaint  themselves 
with  the  actual  condition  of  all  waters  withiu  the  State  as  respects  their 
pollution  or  purity,  and  to  iuform  themselves  particularly  as  to  the  relation 
which  that  condition  bears  to  the  health  and  well-beiug  of  auy  part  of  the 
people  of  the  Commonwealth.  Let  them  do  away,  as  far  as  possible,  with 
all  remediable  pollution,  and  use  every  means  in  their  power  to  prevent 
further  vitiation.  They  shall  put  themselves  at  the  disposal  of  manufact- 
urers and  others  using  rivers,  streams  or  ponds,  or  in  any  way  misusing 
them,  to  suggest  the  best  means  of  minimizing  the  amount  of  dirt  in  their 
effluent,  and  to  experiment  upon  methods  of  reducing  or  avoiding  pollution. 
They  shall  warn  the  persistent  violater  of  all  reasonable  regulation  in  the 
management  of  water  of  the  consequences  of  his  acts.  In  a  word,  it  shall 
be  their  especial  function  to  guard  the  public  interest  and  the  public  health 
in  its  relation  with  water,  whether  pure  or  defiled,  with  the  ultimate  hope, 
which  must  never  be  abandoned,  that  sooner  or  later  ways  may  be  found  to 
redeem  and  presers'c  all  the  waters  of  the  State. 

The  suggestions  contained  in  these  sentences  have  governed  the 
action  of  this  Board  during  the  ten  years  which  have  passed  since 
the  State  Board  of  Health  was  made  the  official  guardian  of  the  inland 
waters  of  the  Commonwealth.  It  is  our  opinion  that  all  reasonable 
efforts  have  been  exhausted  in  the  attempt  to  do  away  with  the 
remediable  pollution  of  these  waters,  and  that  the  time  has  come 
when  the  State  must  take  more  effective  measures  for  the  preven- 
tion of  the  pollution  of  the  streams  not  now  used  as  sources  of 
domestic  water  supply,  but  still  capable  of  injurious  effect  upon  the 
public  health. 

H.  P.  WALCOTT. 

H.  F.  MILLS. 

F.  W.  DRAPER. 

G.  C.  TOBEY. 
J.  W.  HULL 
C.  H.  PORTER. 
J.  A.  MEAD. 
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[Report  required  by  the  provisions  of  chapter  876  of  the  Acts  of  1888t 
entitled  "  An  Act  to  protect  the  purity  of  Inland  waters,  and  to  require 
consultation  with  the  State  Board  of  Health  reffardlnff  the  establishment 
of  systems  of  water  supply,  drainage  and  sewera^e/'l 

The  following  report  contains  a  summary  of  the  work  of  the 
State  Board  of  Health  during  the  year  1896,  under  the  provisions 
of  chapter  375  of  the  Acts  of  1888,  including  the  substance  of  the 
replies  made  by  the  Board  to  those  cities,  towns,  corporations  and 
individuals  which  have  applied  to  the  Board  for  its  advice  relative 
to  systems  of  water  supply,  drainage  and  sewerage,  under  the  re- 
quirements of  this  act,  and  of  special  acts  which  include  a  clause 
requiring  the  approval  by  the  Board  of  pldns  and  schemes  relative 
to  water  supply  and  sewerage,  together  with  a  brief  statement  of 
the  work  done  at  the  experiment  station  at  Lawrence  and  in  con- 
nection with  the  examinations  of  water  supplies  and  rivers. 

During  the  year  1896  public  water  supplies  were  introduced  in 
the  towns  of  Hatfield,  Rutland,  "Weston  and  Winchendon,  and  im- 
portant additions  to  the  sources  of  many  existing  works  were  made. 
At  the  end  of  the  year  1896  all  of  the  31  cities  in  the  Common- 
wealth and  127  towns  out  of  a  total  of  322  were  provided  with 
public  water  supplies.  The  total  population  of  the  communities 
having  a  public  water  supply  is  89.8  per  cent,  of  the  total  popula- 
tion of  the  State.  There  are  now  but  3  towns  which  by  the  census 
of  1895  have  a  population  exceeding  3,500  which  are  not  provided 
with  a  public  water  supply.  The  names  of  these  towns,  with  their 
respective  populations  in  1895,  are  as  follows :  — 

Towns.  Population. 

Blackstone, 6,039 

Barnstable, 4,055 

North  Andover, 3,569 


•  The  first  pages  of  this  report  were  contained  in  a  report  made  to  the  Legislature  Jan.  11, 
1897  (Senate  Document,  No.  4).  A  portion  of  the  report  then  made,  relating  to  the  work  done 
at  the  Lawrence  Experiment  Station,  is  not  reproduced,  because  a  more  complete  account  ot 
the  work  done  at  this  place  will  be  found  in  a  subsequent  part  of  this  volume. 
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The  flow  of  streams  for  the  year  189G,  as  indicated  by  the  Sud- 
bury River,  was  slightly  less  than  the  normal  for  twenty-two  years. 
The  flow  was  greatly  in  excess  of  the  normal  in  February,  March 
and  September,  and  slightly  in  excess  in  October.  It  was  less 
than  the  normal  in  all  of  the  remaining  months,  the  most  marked 
deficiency  being  in  the  months  of  April,  May,  July  and  August. 

The  chemical  analyses  of  the  water  supplies  and  rivers  of  the 
State  and  of  sewage  and  effluent  from  sewage  disposal  works  have 
been  continued  during  the  year,  2,399  samples  having  been  exam- 
ined. The  following  is  a  classified  list  of  the  waters  examined 
during  the  year:  — 

Table  I. 

From  open  and  covered  reservoirs  for  the  storage  of  ground 

waters,   ..........  82 

From  ground- water  supplies,         .         .         .         .         .         .413 

Special  investigations  of  regular  water   supplies  affected  by 

tastes,  odors,  etc.,  ........  24 

From  ponds  and  storage  reservoirs  and  their  inlets,        .         .  1,182 

From  streams  and  miscellaneous  sources,      ....  62 


Total  from  regular  water  supplies,          .         .         .         .  1,713 
In  connection  with  investigations  of  new  sources  of  water  sup- 
ply,          173 

With  reference  to  pollution  of  streams,  .         .         .         .126 

With  reference  to  sewage  purification  at  Worcester,  Framing- 
ham,  Marlborough,  Gardner,  Medfield,  etc.,      .         .         .       199 
From  sources  used  for  the  supply  of  picnic  grounds,  etc.,       .         43 
Miscellaneous,     .         .         .         .         .         .         .         .         .145 


686 


Total, 2,399 

The  examination  of  the  microscopic  organisms  has  been  con- 
tinued in  the  waters  which  have  been  examined  chemically,  as  in 
previous  years. 

The  laboratory  for  water  analysis,  which  has  heretofore  been 
located  at  the  Institute  of  Technology,  was  removed  at  the  end  of 
1896  to  rooms  set  apart  for  it  in  the  new  portion  of  the  State 
House. 
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Systems  of  sewage  disposal  have  been  introduced  during  the  year 
in  the  towns  of  Natick  and  Leicester  and  at  the  Westborough 
Insane  Hospital.  At  the  present  time  there  are  11  cities  and 
towns,  having  an  aggregate  population  of  98,287,  in  which  the 
purification  of  the  sewage  is  efiected  by  filtration  through  beds  of 
gravel  or  sand,  and  the  sewage  of  several  large  public  institutions 
also  is  disposed  of  by  this  method. 

References  have  frequently  been  made  in  these  reports  to  the 
presence  of  iron  in  ground  waters,  and  its  effect  upon  the  quality  of 
water  supplier  in  which  it  occurs  in  excessive  quantity.  In  some 
cases  the  quality  of  the  water  has  been  so  objectionable  as  to  cause 
extensive  changes  in  the  source  of  supply,  and  even  an  abandon- 
ment of  the  source  for  this  cause,  and  the  problem  of  improvement 
of  such  waters  has  been  the  subject  of  careful  investigation  by  the 
Board  during  the  past  year,  and  important  results  have  been  ob- 
tained. 

The  condition  in  which  the  iron  exists  in  water  varies  in  differ- 
ent sources  and  even  in  the  same  source  at  different  times.  In 
one  of  the  towns  of  the  State  (Provincetown)  it  was  not  feasible 
to  obtain  a  source  of  water  supply  free  from  iron,  and  iron  has 
been  present  in  this  water  in  objectionable  quantity  from  the  time 
the  supply  was  first  introduced.  In  this  supply  iron  is  found 
combined  with  organic  matter  in  such  a  way  that  the  water  is  not 
only  objectionable  on  account  of  the  excess  of  iron  present  but  on 
account  of  the  high  color  of  the  water. 

Water  was  first  introduced  into  the  town  in  1893,  and,  while 
the  quantity  of  iron  at  that  time  was  large,  it  has  increased  rapidly 
from  year  to  year,  so  that  at  the  present  time  the  water  contains 
nearly  four  times  as  much  as  during  the  first  year  of  its  use.  In- 
vestigations with  reference  to  the  purification  of  this  water  were 
begun  in  the  early  part  of  1896,  and  have  been  continued  through 
the  year.  Experiments  upon  the  filtration  of  the  water  through 
various  materials  have  shown  that,  by  filtration  through  a  filter 
composed  of  fine  coke,  known  commercially  as  coke  breeze,  prac- 
tically all  of  the  iron  can  be  removed,  and  a  clear  and  colorless 
water  obtained  which  has  not  been  injuriously  aflected  in  other  re- 
spects by  the  process  of  filtration.  In  consequence  of  the  favor- 
able indications  furnished  by  these  experiments,  the  Board  has 
deemed  it  important  to  continue  the  experiments  on  a  larger  scale, 
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and  an  experimental  filter  has  accordingly  been  established  l>y  the 
Board  at  Provincetown.  This  filter,  having  a  superficial  area  of 
one  three-hundredth  of  an  acre,  was  completed  and  first  operated 
near  the  end  of  Deceml>er,  1896,  so  that  no  extended  series  of  an- 
alyses showing  the  results  of  its  operation  are  as  yet  available ;  but 
the  experiments  thus  far  made  with  this  form  of  filter  indicate  that 
a  very  satisfactory  purification  of  the  water  will  be  efiect^d  at  a 
moderate  cost. 

During  the  sunmier  the  attention  of  the  Board  was  called  to  the 
existence  of  several  cases  of  tjT)hoid  fever  among  the  .inhabitants  of 
a  portion  of  one  of  the  cities  in  the  State  supplied  with  water  from 
a  pond.  Upon  examination,  it  appeared  that  the  pond  was  exposed 
to  pollution  from  a  picnic  grove  in  the  vicinity  of  the  water  works 
intake.  At  about  the  same  time  several  cases  of  tj^phoid  fever  in 
another  city  were  traced  to  a  similar  resoi-t  upon  a  large  pond, 
which,  in  this  case,  was  not  used  as  a  source  of  public  water  supply 
by  a  city  or  town,  but  visitors  were  supplied  with  water  for  drink- 
ing, which  was  drawn  from  the  pond  in  the  vicinity  of  the  place 
where  sewage  entered  it  from  the  buildings  upon  the  grounds. 

Summer  resorts  of  this  kind  have  become  quite  numerous  in  the 
State,  especially  in  recent  years,  with  the  extension  of  electric  rail- 
roads ;  and,  in  view  of  the  bad  sanitary  conditions  found  in  the  two 
places  referred  to,  the  Board  has  caused  an  investigation  to  be  made 
of  a  large  number  of  such  resorts  throughout  the  State.  It  is  pro- 
posed to  continue  this  investigation,  and,  in  cases  where  the  source 
of  water  supply  and  the  sanitary  conditions  are  unsatisfactory,  to 
secure  their  improvement,  so. far  as  possible,  through  owners  and 
the  local  authorities. 

The  problem  of  purification  of  manufacturing  refuse  has  received 
special  attention,  and  much  valuable  information  has  been  obtained 
from  experiments  with  reference  to  the  purification  of  sewage  of 
this  character,  the  results  of  which  are  given  in  detail  in  subsequent 
pages  of  this  report.  Tanneries,  paper  mills  and  wool-scouring 
mills  are  prominent  among  the  manufacturing  establishments  which 
produce  large  quantities  of  manufacturing  sewage,  and  a  large  es- 
tablishment of  either  of  these  kinds  may  produce  as  much  sewage 
as  a  large  town,  and  the  organic  matter  in  the  sewage  of  some  of 
these  establishments  may  be  several  times  as  great  as  in  an  equal 
volume  of  domestic  sewage.     The  chemical  analyses  of  manufactur- 
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ing  sewage  have  shown  that  in  some  cases  the  chemicals  used  in 
manufacturing  processes  are  of  such  a  kind  as  would  destroy  nitri- 
fication if  the  sewage  should  be  applied  to  an  ordinary  sewage  filter 
directly  as  it  comes  from  the  factory.  Ordinary  methods  of  chem- 
ical precipitation  also  have  little  efiect  upon  some  kinds  of  manu- 
fecturing  sewage  ►  A  summary  of  the  results  of  the  investigations 
made  during  the  year  is  presented  in  subsequent  pages  of  this  report. 

Investigations  as  to  the  purification  of  sewage  and  water  at 
the  L#awrence  Experiment  Station  have  been  continued  as  in  previ- 
ous years,  and  in  connection  with  these  investigations  a  large  num- 
ber of  samples  of  sewage  and  effluent  from  existing  sewage  disposal 
works  has  been  examined.  The  results  obtained  from  the  experi- 
ments with  filters  which  have  now  been  in  use  for  several  years  are 
of  much  value  in  furnishing  information  as  to  the  permanency  of 
sewage  filters  of  various  materials  and  the  best  means  of  main- 
taining their  permanency,  especially  in  view  of  the  increasing 
number  of  sewage-disposal  plants  in  the  State  and  the  increasing 
demand  for  sewerage  facilities. 

The  Lawrence  city  filter,  established  in  1893,  continues  to 
operate  satisfectorily,  and  the  mortality  from  typhoid  fever  in  the 
city  of  Lawrence  is  the  lowest  that  has  occurred  for  many  years, 
as  indicated  by  the  table  on  a  subsequent  page. 
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Under  the  provisions  of  chapter  375  of  the  Acts  of  1888,  en- 
titled '*  An  Act  to  protect  the  purity  of  inland  waters,  and  to  re- 
quire consultation  with  the  State  Board  of  Health  regarding  the 
establishment  of  systems  of  water  supply,  drainage  and  sewerage," 
the  Board  is  required 

^'  from  time  to  time  to  consult  with  and  advise  the  authorities  of  cities  and 
towns,  or  with  corporations,  firms  or  individuals  either  already  ha\4ug  or 
intending  to  introduce  systems  of  water  supply,  drainage  or  sewemge,  as 
to  the  most  appropriate  source  of  supply,  the  best  practicable  method  of 
assuring  the  purity  thereof  or  of  disposing  of  their  drainage  or  sewage, 
having  regard  to  the  present  and  prospective  needs  and  interests  of  other 
cities,  towns,  corporations,  firms   or  indi\iduals  which   may   be   affected 


8  STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 

thereby.  It  shall  also  from  time  to  time  consult  with  and  advise  persons 
or  corporations  engaged  or  intending  to  engage  in  any  manufacturing  or 
other  business,  drainage  or  sewage  from  which  may  tend  to  cause  the  pol- 
lution of  any  inland  water,  as  to  the  best  practicable  method  of  preventing 
such  pollution  by  the  interception,  disposal  or  purification  of  such  drainage 
or  sewage;  provided,  that  no  person  shall  be  compelled  to  bear  the  ex- 
pense of  such  consultation  or  advice,  or  of  experiments  made  for  the  pur- 
poses of  this  act.  All  such  authorities,  corporations,  firms  and  individuals 
are  hereby  required  to  give  notice  to  said  Board  of  their  intentions  in  the 
premises,  and  to  submit  for  its  advice  outlines  of  their  proposed  plans  or 
schemes  in  relation  to  water  supply  and  disposal  of  drainage  and  sewage ; 
and  all  petitions  to  the  Legislature  for  authority  to  introduce  a  system  of 
water  supply,  drainage  or  sewerage  shall  be  accompanied  by  a  copy  of  the 
recommendation  and  advice  of  the  said  Board  thereon." 

During  the  year  1896  the  Board  has  given  its  advice  to  the 
following  cities,  towns,  corporations  and  individuals  who  have 
applied  for  such  advice  under  the  provisions  of  the  general  act  of 
1888,  or  under  special  acts  relating  to  water  supply  and  sewerage. 

Replies  were  made  during  the  year  to  applications  made  from 
the  following  sources  for  advice  relative  to  water  supply :  Acton, 
East  Acton,  Ashland,  Braintree  (two  replies),  Cohasset,  Franklin, 
Harvard  (Hildreth  Bros.),  Hatfield,  Haverhill  (Real  Estate  Im- 
provement  Company),  Huntington,  Hyde  Park  Water  Company, 
Kingston,  Massachusetts  School  for  the  Feeble-minded,  Medfield 
Insane  Asylum,  Medway,  Medway  Water  Company,  Merrimac, 
Montague  (Miller's  Falls),  Northampton,  Pittsfield,  Plymouth, 
Revere  Water  Company,  Sheffield  Water  Company,  Swampscott 
(Marblehead  Water  Company)  two  replies,  Uxbridge,  Ware, 
Wellesley,  Williamsburg  and  Woburn. 

Replies  were  made  during  the  year  relative  to  sewerage  and 
sewage  disposal,  in  answer  to  applications  from  the  following 
sources:  Agawam,  Attleborough,  Brockton  (two  replies),  Danvers, 
Danvers  Lunatic  Hospital,  Metropolitan  Sewerage  Commission 
(four  replies),  Natick,  Springfield,  Stockbridgc,  Taunton  (four 
replies).  Van  Choate  Electric  Company  of  Foxbo rough.  West- 
borough  Insane  Hospital  and  Whitman. 

Replies  were  also  made  to  the  authorities  of  certain  cities  and 
towns,  relative  to  the  pollution  of  streams,  as  follows :  to  the 
water  board  of  Bradford,  the  water  board  of  Ipswich,  the  select- 
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men   of   Manchester,  the   board   of  health   of  North   Adams,  the 
selectmen   of  Northfield,  the  water  board  of  Peabody,  Mr.  U.  W. 
Boyden  of  Walpole  (the  Neponset  Reservoir),  Wrentham  (Messrs. 
Lincoln,  Sacon  &  Co.  of  Plainville),  the  Williamstown  Water  Com- . 
pany. 

Water  Supply. 

The  following  is  the  substance  of  the  action  of  the  Board  during 
the  past  year,  in  reply  to  applications  for  its  advice  relating  to 
water  supply :  — 

Acton.  An  application  was  received  from  the  water  committee 
of  Acton,  Nov.  8,  1895,  requesting  the  advice  of  the  Board  relative 
to  a  proposed  water  supply  to  be  taken  from  the  ground  in  the  west 
part  of  the  town,  near  the  boundary  line  between  Acton  and  Box- 
borough.     The  Board  replied  to  this  application  as  follows  :  — 

Boston,  March  6»  1896. 

The  Board  has  caused  an  examination  of  the  territory  from  which  it  is 
proposed  to  take  the  supply  to  be  made  by  one  of  its  engineers,  and  has 
analyzed  samples  of  water  sent  in  by  you  from  test  wells  in  this  teiTitory. 

The  analyses  show  that  the  water  was  soft  and  of  excellent  quality  for 
the  purposes  of  a  public  water  supply  at  the  time  the  samples  were  col- 
lected. It  appears  that  only  a  small  amount  of  water  had  been  drawn 
from  the  wells  at  this  time,  and,  though  the  water  was  of  satisfactory 
quality,  whether  it  will  remain  so  when  water  is  pumped  continuously  for 
a  long  time  cannot  be  predicted  with  certainty  with  present  information. 
Experience  with  ground-water  supplies  of  the  State  shows  that  iu  some 
cases,  where  the  water  was  excellent  at  first,  iron  has  subsequently  ap- 
peared in  excessive  qaantities,  and  the  quality  of  the  water  has  rapidly 
deteriorated  with  long-continued  pumping,  until  it  has  become  necessary 
to  provide  a  new  supply.  In  other  cases  the  waters  have  remained  un- 
changed after  as  many  as  twenty  years  of  continuous  pumping,  but  there 
is  no  case  which  has  come  to  the  attention  of  the  Board  in  which  long- 
ooDtinued  pumping  has  improved  the  quality  of  the  water. 

The  probable  quantity  of  water  to  be  obtained  from  an  underground 
scarce  is  necessarily  somewhat  indeterminate.  The  indications  in  this 
case,  famished  by  an  examination  of  the  results  obtained  from  fourteen 
test  wells  driven  in  this  locality,  are,  on  the  whole,  unfavorable  to  obtain- 
ing a  large  amount  of  water  from  the  ground  here,  because  the  stratum  of 
water-bearing  material  is  in  some  places  very   thin  and  in  other  places 
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"wholly  absent,  and  because  ledge  is  found  in  some  places  at  a  depth  of 
only  17  or  18  feet  beneath  the  surface. 

Under  the  circumstances,  the  Board  does  not  advise  the  construction  of 
works  for  taking  a  supply  from  this  locality,  unless  more  extended  investi- 
gations and  a  suitable  pumping  test  should  indicate  beyond  reasonable 
doubt  that  a  sufficient  supply  of  water  of  satisfactory  quality  can  be  ob- 
tained from  the  ground  in  the  locality  proposed. 

East  Actox.  An  application  was  received  Feb.  18,  1896,  from 
citizens  of  East  Acton,  for  the  advice  of  the  Board  relative  to  the 
propriety  of  taking  a  supply  of  water  from  the  water  works  of 
the  town  of  Concord.  The  Board  replied  to  this  application  as 
follows :  — 

Boston,  March  6,  1896. 
The  town  of  Concord  is  supplied  from  Sandy  Pond,  in  Lincoln,  which 
is  also  the  supply  of  the  town  of  Lincoln.     The  act  of  the  Legislature  giv- 
ing these  towns  the  right  to  supply  themselves  with  water  (chapter  188, 
Acts  of  1872)  contains  the  following  provision :  — 

Sect.  11.  All  the  provisions  of  this  act  concerning  the  town  of  Concord  shall 
apply  to  the  town  of  Lincoln ;  and  if,  in  the  future,  the  water  of  said  pond  shall 
prove  insufficient  for  both,  the  town  of  Lincoln  shall  be  first  supplied. 

The  capacity  of  Sandy  Pond  to  supply  the  towns  of  Concord  and  Lin- 
coln is  limited,  and,  while  no  record  of  the  amount  of  water  consumed  in 
these  towns  is  available,  calculations  based  upon  the  probable  yield  of 
Sandy  Pond  indicate  that  the  consumption  has  probably  already  nearly 
reached  its  safe  capacity. 

The  Board  is,  therefore,  of  the  opinion  that  the  capacity  of  the  Concord 
water  works  is  likely  to  prove  insufficient  for  the  supply  of  both  Concord 
and  East  Acton  in  the  near  future,  and,  under  existing  ch*cumstances,  does 
not  advise  East  Acton  to  obtain  a  supply  from  the  Concord  works,  as  pro- 
posed. 

Ashland.  The  committee  on  water  supply  of  Ashland  applied 
to  the  Board,  July  15,  1896,  for  advice  relative  to  a  proposed 
source  of  water  supply  for  Ashland.  The  Board  replied  to  this 
application  as  follows  :  — 

Boston,  Sept.  3, 1896. 
The  State  Board  of  Health  received  from  you,  on  July  15, 1896,  an 
application  for  advice  with  reference  to  a  proposed  source  of  water  supply 
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for  Ashland.  Subeequently,  test  wells  were  driven  by  you  in  the  vicinity 
of  the  Sudbury  River  above  the  town,  and  in  the  valley  of  Cold  Spring 
Brook,  and  the  Board  was  informed  that  it  was  proposed  to  take  the 
supply  from  a  large  well,  to  be.  located  on  the  southerly  side  of  the  Sud- 
bury River,  between  it  and  the  Boston  &  Albany  Railroad,  about  1,000 
feet  west  of  the  point  where  the  railroad  is  crossed  by  Pleasant  Street. 

The  Board  has  caused  an  examination  of  the  proposed  source  of  supply 
to  be  made  by  one  of  its  engineers,  and  a  sample  of  water  from  a  test  well, 
located  at  the  point  at  which  it  is  proposed  to  locate  the  well  for  the  supply 
of  the  town,  to  be  analyzed.  The  analysis  shows  that  the  water  coming 
from  the  well  at  this  time  was  of  excellent  quality  for  the  purposes  of  a 
public  water  supply.  It  appears  that  only  a  small  amount  of  water  had 
been  drawn  from  the  well  at  the  time  this  sample  was  collected,  and  it  is 
impossible  to  predict  from  this  analysis  what  the  character  of  the  water 
would  be  if  a  quantity  sufficient  for  the  supply  of  Ashland  should  be 
pumped  continuously  from  the  ground  here  for  a  long  time. 

With  regard  U>  the  quantity  of  water  obtainable  from  a  well  in  this  loca- 
tion, the  information  obtained  by  the  test  thus  far  made  is  insufficient  to 
furnish  a  basis  for  a  satisfactory  estimate.  The  indications  furnished  by 
the  test  wells  driven  within  200  feet  of  the  location  of  the  proposed  well 
are  very  unfavorable  to  obtaining  any  large  quantity  of  water  from  the 
ground  in  this  vicinity,  both  on  account  of  the  character  of  the  soil,  which 
was  extremely  fine,  and  on  account  of  the  nearness  of  ledge  to  the  surface 
of  the  ground.  Moreover,  such  indications  as  are  furnished  by  the  appear- 
ance of  the  ground  about  the  well  are  not  favorable  to  the  existence  of  a 
deep  layer  of  porous  gravel  of  any  considerable  extent  in  this  vicinity. 

Under  the  circumstances,  the  Board  does  not  advise  the  construction  of 
works  for  taking  a  supply  from  this  vicinity,  unless  more  extended  inves- 
tigations by  means  of  test  wells  and  a  suitable  pumping  test  shall  show 
that  water  of  satisfactory  quality  is  likely  to  be  obtained  from  the  ground 
in  this  vicinity  in  sufficient  quantity  for  the  supply  of  the  town. 

The  Board  will,  upon  application,  advise  you  further  with  reference  to  a 
water  supply  when  you  have  additional  information  to  present. 

Braintree.  The  water  commissioners  of  Braintree  applied  to 
the  Board,  July  20,  1896,  for  its  advice  relative  to  increasing  their 
water  supply  by  taking  water  from  driven  wells  in  the  neighborhood 
of  Little  Pond.     The  Board  replied  to  this  application  as  follows  :  — 

Boston,  Aug.  6,  1896. 

The  State  Board  of  Health  has  considered  your  application  with  refer- 
ence to  a  proposed  additional  water  supply  for  Braintree,  to  be  taken  from 
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the  ground  north  of  the  present  filter  gallery  near  the  shore  of  Little 
Pond,  and  has  caused  an  examination  of  the  proposed  source  to  be  made 
and  a  sample  of  the  water  from  a  test  well  in  this  locality  to  be  analyzed. 

The  resalts  of  the  analysis  show  that  the  water  is  of  the  same  general 
character  as  that  of  the  filter  gallery.  An  examination  of  the  conditions 
about  your  present  filter  gallery,  taken  in  connection  with  the  temperature 
of  the  water  and  the  character  of  the  analyses  shows  clearly  that  the 
greater  portion  of  the  water  entering  your  filter  gallery  comes  by  filtration 
from  the  pond. 

From  the  information  obtainable  as  to  the  area  of  the  pond  and  its 
watershed,  and  with  certain  assumptions  as  to  its  storage  capacity,  it  is 
found  that  the  draft  from  your  present  filter  gallery  in  the  past  two  years 
approached  quite  closely  the  probable  capacity  of  the  pond  in  a  very  dry 
year.  The  quantity  of  water  that  can  be  obtained  from  the  ground  within 
the  watershed  of  the  pond  is  no  greater  than  could  be  drawn  from  the 
pond  direct,  unless,  by  lowering  the  ground  water  near  the  border  of 
the  watershed,  water  may  be  induced  to  flow  through  the  ground  toward 
the  filter  gallery  from  beyond  the  limit  of  the  superficial  watershed  of  the 
pond.  There  is  no  evidence  that  any  large  amount  of  water  will  flow 
toward  the  proposed  works  from  points  outside  the  watershed,  and  conse- 
quently an  extension  of  the  collecting  system,  as  proposed,  cannot  be 
expected  to  increase  vei*y  materially  the  quantity  of  ground  water  obtain- 
able in  the  vicinity  of  Little  Pond.  The  construction  of  additional  works 
along  the  shore  of  the  pond  would  make  it  possible,  by  lowering  the  level 
of  the  ground  water,  to  draw  a  somewhat  greater  quantity  of  the  water 
stored  in  the  ground  over  a  larger  area  than  at  present,  and  probably  to 
cause  a  somewhat  greater  amount  of  filtration  from  the  pond  into  the 
ground. 

The  watershed  of  Little  Pond  contains  a  population  of  about  620,  or 
about  1,100  persons  per  square  ftiile,  and,  as  there  are  no  sewers  in  this 
territory,  the  water  is  exposed  to  danger  of  pollution  from  this  population, 
so  that  this  pond  cannot  be  regarded  as  a  proper  source  of  water  supply  if 
the  water  is  taken  directly. 

An  examination  of  the  results  of  analyses  of  samples  of  water  collected 
from  your  present  filter  gallery  from  time  to  time  shows  that  there  has  been 
a  deterioration  in  the  quality  of  the  water,  and  in  the  latter  part  of  1895 
the  presence  of  an  excessive  amount  of  iron  gave  evidence  that  the  water 
of  the  pond  is  only  partially  purified  in  its  passage  through  the  ground. 
The  character  of  the  water  varies  with  the  season,  the  water  being  better 
in  wet  than  in  dry  seasons ;  but  it  is  probable  that,  with  a  continued  draft 
upon  the  filter  gallery,  the  water  will  grow  worse  rather  than  better  in  the 
future. 
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The  conditioDB  are  such  that  the  purity  of  the  water  of  the  filter  galleiy 
is  dependent  upon  the  purity  of  the  water  of  Little  Pond,  and,  considering 
the  exposure  of  the  latter  to  pollution  from  the  population  upon  its  water- 
shed, the  source  cannot  be  considered  a  safe  one  for  drinking  purposes. 
Moreover,  there  is  a  dense  population  upon  the  territory  east  of  the  pond, 
sloping  toward  the  filter  gallery,  from  which  a  portion  of  the  water  of  the 
filter  gallery  is  doubtless  derived,  and  the  presence  of  this  population  in  its 
Ticinity  is  also  a  menace  to  the  purity  of  the  water. 

Id  view  of  all  the  circumstances,  the  Boaitl  does  not  advise  a  further 
extension  of  the  works  for  collecting  ground  water  in  the  vicinity  of  Little 
Pond,  since  neither  the  quantity  obtainable  nor  the  quality  is  likely  to  be 
satisfactory,  but  advises  that  you  take  the  whole  subject  of  your  future 
water  supply  into  consideration,  with  a  view  to  securing  a  source  from 
which  an  -adequate  supply  of  good  water  can  be  obtained  to  meet  the 
reasonable  needs  of  the  town  for  a  considerable  time  in  the  future. 

It  is  understood  that  the  town  has  the  right  to  take  water  from  Great 
Pond  in  Randolph  and  Braintree ;  but,  since  a  good  ground  water  would 
doubtless  be  more  satisfactory,  before  deciding  as  to  a  source  of  supply  it 
is  very  desirable  to  determine  first  whether  it  is  not  possible  to  obtain  an 
adequate  supply  of  ground  water  from  some  suitable  source. 

Braintree.  The  water  commissioners  of  Braintree  again  ap- 
plied to  the  Board,  Aug.  21,  1896,  for  its  advice  relative  to  a 
"temporary  arrangement"  for  an  increase  of  its  water  supply. 
The  Board  replied  to  this  application  as  follows  :  — 

Boston,  Sept.  3,  1896. 

The  State  Board  of  Health  received  from  you,  August  25,  an  applica- 
tion for  advice  with  reference  to  obtaining  an  additional  supply  of  water 
for  the  town  by  putting  in  tubular  wells  on  the  shore  of  Little  Pond,  near 
your  present  pumping  station,  in  which  you  state  that,  pending  action  by 
the  town  with  reference  to  the  recommendations  contained  in  the  reply  of 
the  Board  to  a  previous  application,  there  is  an  urgent  necessity  for  tem- 
porarily supplying  more  water  to  the  town  than  can  be  obtained  from  the 
present  filter  gallery.  Accompanying  the  application  was  a  plan  showing 
the  proposed  location  of  test  wells  along  the  shore  of  Little  Pond,  just 
north  of  the  present  pumping  station,  the  nearest  well  being  distant  about 
75  feet  and  the  farthest  225  feet  from  the  pumping  station.  As  indicated 
upon  the  plan,  the  wells  will  be  17  feet  from  high- water  mark  in  Little 
Pond. 

The  Board  has  carefully  considered  this  scheme,  and  concludes  that  it  is 
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probable  that  a  larger  supply  could  be  obtained  temporarily  from  the  wells 
and  filter  gallery  together  than  from  the  filter  gallery  alone ;  but,  as  it  ap- 
pears that  the  capacity  of  this  pond  and  its  watershed  for  supplying  water 
to  the  town  of  Braintree  in  a  dry  year  has  ali*eady  practically  been  reached, 
the  increase  of  supply  obtained  by  drawing  from  the  wells  would  be  only 
temporary,  and  should  a  dry  year  occur,  the  supply  would  become  ex- 
hausted. 

With  regard  to  the  quality  of  the  water  to  be  obtained  from  the  pro- 
posed wells,  it  may  be  said  that,  so  far  as  can  be  judged  from  a  single 
analysis,  the  indications  are  that  it  will  not  differ  materially  from  that  of 
the  present  filter  gallery ;  and,  if  the  water  entering  the  wells  by  filtration 
from  the  pond  should  be  imperfectly  filtered,  as  there  is  reason  to  expect 
that  it  may  be,  the  water  of  the  wells  will  be  exposed  to  danger  of  pollu- 
tion from  the  population  upon  the  watershed  of  the  pond.  The  sanitary 
conditions  at  present  existing  in  the  region  in  which  it  is  proposed  to 
locate  the  wells  are  bad,  but  the  conditions  could  be  considerably  im- 
proved by  careful  sanitary  care  of  the  watershed.  Considering  the  ui^ent 
need  for  an  additional  supply  of  water  while  you  are  seeking  a  better 
source  of  supply,  the  Board  considers  that  it  is  permissible  to  obtain  it  in 
the  manner  proposed,  if  the  pi-ecautions  suggested  are  carefully  obseiTed. 

CoHASSET.  The  Cohasset  Water  Company  applied  to  the  Board 
Nov.  14,  1896,  for  its  advice  relative  to  an  additional  water  supply, 
to  be  taken  from  the  ground  in  the  neighborhood  of  a  small  brook 
in  that  town.     The  Board  replied  to  this  application  as  follows  :  — 

Boston,  Dec.  5,  1896. 

The  State  Board  of  Health  has  considered  your  application  for  advice 
with  reference  to  obtaining  an  additional  supply  of  water  for  Cohasset 
from  the  ground  in  the  vicinity  of  a  small  brook  west  of  Sohier  Street,  and 
has  caused  an  examination  of  the  locality  to  be  made  by  its  engineer,  and 
samples  of  water  collected  by  you  from  two  of  the  test  wells  in  this  local- 
ity to  be  analyzed. 

The  water  of  both  samples  was  found  to  be  softer  than  that  furnished 
by  your  present  wells,  but  the  water  from  one  of  the  wells  (No.  10), 
which  is  located  a  considerable  distance  south  of  the  railroad  and  east  of 
the  brook,  has  at  some  time  been  polluted  and  subsequently  purified  by  its 
passage  through  the  ground.  The  sample  from  the  other  well  (No.  7), 
which  probably  represents  more  nearly  the  average  quality  of  the  water 
of  this  region,  was  much  softer  and  of  better  quality,  and  in  its  present 
state  would  be  a  more  satisfactory  water  for  domestic  purposes  than  that 
furnished  from  your  present  works. 
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The  information  obtained  from  the  tests  thus  far  made  is  not  sufficient 
to  make  it  possible  to  predict  with  accuracy  the  probable  amount  of  in- 
crease in  your  supply  that  would  be  obtained  by  the  use  of  wells  in  the 
localities  proposed.     From  information  furnished  as  to  the  height  of  water 
in  the  test  ttcUs,  it  appears  that  the  ground  water  in  this  vicinity  is  prob- 
ably already    influenced  by  the  pumping  from  your  present  wells.     By 
lowering  the  ground  water  here  by  means  of  additional  wells,  it  would  be 
possible  to  draw  a  somewhat  greater  quantity  of  the  water  stored  in  the 
ground,  and  to  cause  the  water  to  percolate  toward  the  wells  from  a  larger 
area  than  at  present.     It  is  possible,  also,  that  water  from  the  brook  filters 
into  the    ground  to  some  extent  under  present  conditions,  and  filtration 
from  this  source  might  be  increased  somewhat  by  lowering  the  level  of  the 
ground  water  in  the  vicinity  of  the  brook ;  but  it  does  not  seem  likely  that 
there  will  be  any  considerable  increase  in  the  quantity  of  water  that  will  be 
obtained  from  this  source.     It  appears,  from  the  results  obtained  from  the 
test  wells,  that  ledge  is  found  nearer  the  surface  at  this  place  than  in  your 
present  wells,  and  that  the  gravel  stratum  in  most  of  the  wells  is  quite 
thin.     These  indications  are  not  favorable  to  a  large  yield  from  the  pro- 
posed source,  and  are  not  conclusive  as  to  whether  the  additional  supply 
obtainable  in  this  place  will  be  sufficient  to  warrant  the  expense  of  connect- 
ing it  with  your  present  works,  even  though  the  cost  would  be  small. 

It  is  desirable,  therefore,  before  incurring  the  expense  of  constructing 
permanent  works  in  this  locality,  that  you  cause  a  pumping  test  to  be  made 
by  pumping  continuously  from  a  number  of  wells  with  a  steam  pump  for  a 
period  of  at  least  two  weeks,  with  a  view  to  obtaining  some  more  definite 
evidence  as  to  the  probable  yield  from  this  source.  The  capacity  of  your 
present  works  is  insufficient  for  the  present  needs  of  the  town  in  the  sum- 
mer season,  and  it  is  very  desirable  that  in  constructing  additional  works 
you  secure  a  supply  that  will  be  adequate  for  present  needs  in  a  dry  sea- 
son and  sufficient  to  meet  the  reasonable  needs  of  the  town  for  a  consid- 
erable time  in  the  future.  Unless,  therefore,  you  find  upon  further 
investigation  that  the  quantity  of  water  which  these  wells  will  furnish  will 
be  a  material  addition  to  your  present  supply  and  furnish  a  sufficient  quan- 
tity of  water  to  meet  the  needs  of  the  town  in  connection  with  your  present 
works  for  several  years,  it  will  probably  be  more  economical  to  secure  in 
the  beginning  a  supply  from  some  adequate  source. 


Franklin.  The  selectmen  of  Franklin  applied  to  the  Board, 
Aug.  1,  1896,  requesting  the  Board  ''to  investigate  the  sources  of 
the  public  water  supply  of  Franklin,  and  report  their  finding.'' 
The  request  was  made  on  account  of  a  communication  from  one  of 
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the   citizens  of  Franklin,   asking   for  an   investigation  as  to  the 

quality  of  the  public  water  supply.     The  Board  replied  to  this  ap- 
plication as  follows :  — 

Boston,  Oct.  1, 1896. 

The  Board  has  caused  an  examinatioo  of  the  sources  of  supply  to  be 
made  and  samples  of  the  water  to  be  analyzed.  The  sources  in  use  at  the 
time  of  examination  were  two  wells,  located  on  the  easterly  side  of  Mine 
Brook,  distant  about  50  feet  from  high-water  mark  in  the  brook,  and  a 
pond,  known  as  Beaver  Pond,  on  the  westerly  side  of  Mine  Brook. 

There  is  a  large  population  in  the  village  of  Franklin  upon  the  territory 
from  which  a  portion  of  the  water  which  enters  the  wells  is  evidently 
derived,  but  no  buildings  are  found  within  700  feet  of  the  wells  at  the 
present  time.  Analyses  of  the  water  show  the  presence  of  some  of  the 
mineral  matters  due  to  the  sewage  entering  the  ground  in  the  populated 
portion  of  the  territory  draining  towai*d  the  wells.  It  is  probable,  also, 
that  a  portion  of  the  water  is  derived  by  filtration  from  Mine  Brook,  a 
highly  polluted  stream ;  but  the  analyses  show  that  such  polluted  waters 
as  may  have  mingled  with  the  ground  water  entering  the  wells  have  been 
thoroughly  purified  in  their  passage  through  the  ground,  and  at  the  present 
time  the  water  is  safe  for  drinking.  The  indications  are  that  the  popula- 
tion  will  increase  upon  the  territory  sloping  toward  the  wells,  and  in  that 
case  the  quality  of  the  water  will  tend  to  deteriorate ;  but  if  no  houses  are 
constructed  nearer  the  wells  than  at  present,  and  if  the  sewage  is  removed 
from  the  district,  further  deterioration  can  probably  be  arrested. 

As  already  stated,  it  is  probable  that  a  portion  of  the  water  entering  the 
wells  is  derived  from  Mine  Brook  by  filtration  through  the  ground.  The 
experience  with  wells  in  similar  situations  has  sometimes  been  that  after  a 
longer  or  shorter  period  of  use  the  quality  of  the  water  deteriorates,  owing 
to  imperfect  filtration  of  the  water  passing  through  the  ground  from  the 
neighboring  pond  or  stream  to  the  well ;  and,  while  there  is  no  evidence 
that  any  of  the  water  entering  the  wells  of  the  Franklin  Water  Company 
up  to  the  present  time  has  been  imperfectly  filtered,  it  is  very  desirable 
that  the  discharge  of  domestic  or  manufacturing  sewage  into  Mine  Brook 
or  its  tributaries  above  the  wells  be  prevented. 

The  analyses  of  the  water  of  Beaver  Brook  show  that  it  is  highly  col- 
ored, and  contains  at  times  a  large  amount  of  organic  matter  in  the  form 
of  microscopical  organisms  of  a  kind  which  have  been  known  to  produce 
disagreeable  tastes  and  odors  m  the  water  of  many  other  ponds  and  reser- 
voirs in  the  State.  These  conditions  affect  the  appearance  and  taste  of 
the  water,  but  with  our  present  knowledge  are  not  regarded  as  dangerous 
to  the  health  of  those  drinking  it.     The  watershed  of  the  pond  contains  so 
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small  a  population  that  the  danger  of  the  pollution  of  the  water  from  sewage 
discharged  upon  the  ground  within  its  watershed  is  very  slight.     From  an 
examination  of  the  pond  and  its  surroundings,  it  appears  that  between  the 
pond  and  Mine  Brook  there  is  an  area  of  low  and  swampy  land  which  is 
apparently  flooded  at  times  of  high  water  in  the  brook,  and  the  outlet  from 
the  pond  to  the  brook  passes  through  this  low  land.     It  is  not  feasible  to 
determine,  from  the  limited  examination  which  the  Board  is  able  to  make, 
whether  it  is  possible  for  the  water  from  the  brook  under  certain  conditions 
to  enter  the  pond.     If  brook  water  should  enter  the  pond,  it  would  enter 
on  the  side  where  the  intake  is  located,  and  there  would  be  great  danger 
that  this  polluted  brook  water  might  be  drawn  for  the  supply  of  the  town. 
In  order  to  determine  whether  this  is  possible,  a  careful  survey  and  investi- 
gation will  be  necessary,  and  the  Board  advises  that  such  an  investigation 
be  made.     If  it  should  be  found  that  brook  water  can,  under  present  con- 
ditions, enter  the  pond,  it  may  probably  be  kept  out  by  constructing  a  dam, 
and,  if  necessary,  a  dike,  at  the  outlet  of  the  pond  and  along  its  easterly 
shore ;  but  if  these  works  should  be  found  necessary,  it  would  be  well  to 
consider  whether  it  may  not  be  possible  to  obtain  a  more  satisfactory  supply 
than  the  pond  furnishes,  by  constructing  a  well  at  some  suitable  locality  in 
the  vicinity  of  the  town  where  a  satisfactory  supply  of  ground  water  can 
be  obtained. 

It  is  possible  that  a  portion  of  the  complaint  as  to  the  quality  of  the 
water  supplied  to  the  town  may  be  due  to  the  growth  of  microscopical  or- 
ganisms in  the  open  tank.  Trouble  from  this  cause  could  be  avoided  by 
covering  the  tank,  and  it  is  advisable  that  this  be  done  if  the  use  of  ground 
water  is  to  be  continued. 

Habvard.  Messrs.  Hildreth  Bros,  of  Harvard  applied  to  the 
Board,  June  26,  1896,  for  advice  relative  to  a  proposed  water  sup- 
ply for  a  factory  and  a  few  dwelling-houses  in  that  town,  to  be 
taken  from  a  well  north  of  the  common.  The  Board  replied  to 
this  application  as  follows  :  — 

Boston,  Ang.  6, 1896. 

The  analyses  show  that  the  water  is  hard  and  has  at  some  time  been 
polluted,  but  subsequently  well  purified  by  its  passage  through  the  ground. 
In  its  present  condition  the  water  is  suitable  for  drinking  and  other  domes- 
tic purposes,  though  the  hardness  will  probably  make  it  somewhat  unsatis- 
factory for  washing  and  for  use  in  boilers. 

The  information  furnished  by  you  indicates  that  the  quantity  of  water 
which  the  source  of  supply  will  yield  is  limited,  but  is  probably  sufficient 
for  the  supply  of  the  factory  and  houses  mentioned  in  your  application. 
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It  is  suggested  that,  should  an  additional  supply  be  foand  necessary  in 
the  future,  better  results  can  probably  be  obtained  at  less  expense  by  sink- 
ing wells  at  some  place  where  there  is  a  considerable  area  and  depth  of 
gravelly  soil,  and  avoiding  the  sinking  of  wells  in  rock,  if  a  suitable  area 
can  be  found  where  the  water  will  not  be  exposed  to  danger  of  pollution. 


Hatfield.  The  selectmen  of  Hatfield  applied  to  the  Board,  May 
7,  1896,  for  its  advice  relative  to  taking  the  water  of  Field's  Brook 
as  a  supply  for  a  portion  of  the  town  of  Hatfield.  The  Board  replied 
to  this  application  as  follows  :  — 

Boston,  Jnne  4, 1896. 

The  analysis  shows  that  the  water  is  soft,  practically  colorless  and  of 
excellent  quality  for  the  purposes  of  a  public  water  supply.  Its  quality 
would  be  likely  to  be  more  satisfactory  to  consumers  if  the  water  is  stored 
in  a  reservoir  from  which  light  is  excluded  than  if  stored  in  an  open  reser- 
voir. 

The  information  available  as  to  the  quantity  of  water  that  the  proposed 
source  will  yield  in  the  drier  portion  of  a  diy  year  is  not  sufficient  to  en- 
able the  Board  to  advise  you  definitely  as  to  whether  the  yield  of  the  brook 
will  be  sufficient  for  the  supply  of  the  village  at  all  times ;  and,  consider- 
ing the  desirability  of  obtaining  an  ample  supply  and  one  which  can  be 
furnished  under  sufficient  pressure  for  fire  purposes,  the  Board  does  not  at 
present  ad^4se  the  construction  of  works  for  taking  water  from  this  source, 
but  advises  a  further  investigation,  to  determine  whether  a  more  ample 
supply  of  equally  good  water  may  not  be  obtained  at  a  reasonable  cost, 
and  at  such  an  elevation  above  the  village  that  the  pressure  in  the  pipes 
will  be  sufficient  for  use  in  the  extinguishment  of  fires. 

Haverhill  (the  Real  Estate  Improvement  Company).  This 
corporation  applied  to  the  Board,  July  23,  1896,  for  adv-ice  with 
reference  to  the  use  of  water  from  a  well  situated  beneath  a  building 
in  Haverhill,  for  domestic  purposes.  The  Board  replied  to  this 
application  as  follows  :  — 

Boston,  Sept.  3,  1896. 

The  State  Board  of  Health  has  considered  your  application  for  advice 

with  reference  to  the  use  for  domestic  purposes  of  water  drawn  from  a  well 

beneath  a  building  in  the  densely  populated  portion  of  Haverhill,  and  has 

caused  an  examination  of  the  premises  to  be  made  by  one  of  its  engineers 

'  and  samples  of  the  water  to  be  analyzed. 
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It  appears  that  the  quantity  of  water  furnished  by  the  well  is  insufficient 
for  the  supply  of  the  building,  and  to  insure  a  full  supply  at  all  times  there 
is  an  automatic  connection  with  the  city  water  works  by  means  of  which 
the  building  is  partially  supplied  with  city  water.  For  this  reason  it  is 
difficult  to  obtain  representative  samples  of  the  well  water.  The  analyses 
show,  however,  that  the  quality  of  the  water  is  objectionable  on  account 
of  its  extreme  hardness,  the  hai*dness  being  about  ten  times  as  great  as 
that  of  the  chief  sources  of  the  city's  water  supply ;  and  it  is  evident  from 
the  analyses  that  the  water  entering  the  well  has  been  previously  polluted 
by  sewage  and  subsequently  largely  purified  by  its  passage  through  the 
ground,  but  the  indications  are  that  the  purification  is  not  perfect  at  all 
times. 

Considering  the  location  of  the  well  and  the  character  of  the  analyses, 
the  Board  does  not  consider  this  well  a  safe  source  of  water  supply  for 
domestic  purposes,  and  advises  that  its  use  be  discontinued. 


Huntington.  The  Board  received  an  application  from  citizens 
of  Huntington,  Dec.  23,  1895,  for  the  advice  of  the  Board  relative 
to  a  proposed  increase  of  their  water  supply  by  taking  the  water 
of  certain  springs  west  of  the  village.  The  Board  replied  to  this 
application  as  follows  :  — 

Boston,  March  6, 1896. 
The  State  Board  of  Health  received  from  you  Dec.  23,  1895,  an  appli- 
cation with  reference  to  a  proposed  additional  water  supply  for  the  village 
of  Huntington,  in  which  you  state  that  you  have  at  present  a  source  of 
supply  sufficient  for  about  forty  families,  but  that,  having  in  view  the  ex- 
tension of  the  works,  for  which  your  present  source  will  not  furnish  a 
sufficient  quantity  of  water,  you  wish  to  increase  your  supply  by  obtaining 
water  from  a  group  of  springs  west  of  the  village.  In  a  communication 
accompanying  the  application  it  is  stated  that  an  application  may  be  made 
to  the  Legislature  for  a  charter. 

The  Board  has  caused  an  examination  of  the  proposed  source  of  supply 
to  be  made  and  a  sample  of  the  water  to  be  analyzed.  The  analysis  indi- 
cates that  the  water  is  excellent  for  the  purposes  of  a  domestic  water 
supply. 

The  quantity  of  water  which  the  proposed  source  would  furnish  cannot 
be  estimated  with  accuracy  with  present  information,  but  it  is  likely  in  dry 
seasons  to  be  less  than  the  yield  of  your  present  source,  which  was  found 
inadequate  at  times  during  the  past  summer  for  the  supply  of  forty 
families. 
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It  is  the  tendency  in  all  communities,  even  in  very  small  ones,  into  which 
a  public  water  supply  has  been  introduced,  for  the  consumption  of  water 
to  increase  rapidly  for  several  years,  and  it  is  improbable  that  your  present 
and  proposed  works  together  would  supply  as  much  water  as  ought  to  be 
provided  for  a  village  the  size  of  Huntington. 

The  Board  would,  therefore,  advise  that  you  have  a  thorough  investiga- 
tion made,  with  a  view  to  determining  the  best  source  for  the  permanent 
supply  of  the  village ;  and  it  would  probably  be  a  measure  of  true  economy 
to  secure  at  once  a  source  which  will  furnish  an  adequate  supply  of  good 
water,  rather  than  to  spend  money  upon  a  source  that  is  likely  to  prove 
inadequate  in  a  very  few  years,  if  the  pipe  system  in  the  village  is  ex- 
tended to  any  considerable  extent. 

Should  you  decide  to  make  further  investigations  with  reference  to  ob- 
taining a  supply  from  a  larger  source,  the  Board  will  advise  you  concern- 
ing it  when  you  shall  have  submitted  the  results  of  your  investigations. 

Hyde  Park.  The  Hyde  Park  Water  Company  applied  to  the 
Board,  Aug.  24,  1896,  for  its  advice  relative  to  taking  an  additional 
supply  of  water  from  the  neighborhood  of  Mother  Brook,  between 
Hyde  Park  and  East  Dedham.  The  Board  replied  to  this  applica- 
tion as  follows :  — 

Boston,  Dec.  3, 1896. 

The  State  Board  of  Health  received  from  you,  on  August  24,  an  ap- 
plication requesting  advice  as  to  obtaining  an  additional  water  supply 
for  Hyde  Park  from  the  region  in  the  vicinity  of  Mother  Brook  between 
Hyde  Park  and  East  Dedham,  through  which  the  metropolitan  sewer  has 
recently  been  constructed.  Subsequently  you  made  more  definite  investi- 
gations in  this  territory,  by  driving  test  wells  on  both  sides  of  the  brook, 
about  1,000  feet  below  the  lower  dam  of  the  Merchants'  Woolen  Mill  in 
Dedham,  near  the  boundary  line  between  Dedham  and  Hyde  Park,  and  a 
plan  showing  the  location  of  these  wells  has  been  submitted. 

The  Board  has  caused  an  examination  of  this  territory  to  be  made  by 
one  of  its  engineers,  and  samples  of  the  water  from  two  of  the  test  wells, 
one  located  on  the  northerly  and  the  other  on  the  southerly  side  of  the 
brook,  to  be  analyzed. 

The  sample  from  the  well  on  the  northerly  side  of  the  brook,  which  was 
collected  before  any  considerable  quantity  of  water  had  been  pumped,  was 
found  to  be  soft  and  of  good  quality,  though  there  were  indications  that 
the  water  had  previously  been  polluted  to  a  slight  degree  by  sewage  and 
subsequently  purified  by  its  passage  through  the  ground. 

From  one  of  the  wells  on  the  southerly  side  of  the  brook  two  samples 
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were  collected  for  analysis,  one  after  pumping  for  about  eight  hours  and 
the  other  after  pumping  for  about  two  days.  These  analyses  showed  in  a 
much  greater  degree  than  the  first  the  effect  of  previous  pollution  due  to 
the  presence  of  population  upon  the  territory  from  which  the  water  is  de- 
rived, but  the  analyses  also  show  that  the  water  had  been  very  thoroughly 
purified  by  its  passage  through  the  ground. 

With  regard  to  the  probable  quantity  of  water  to  be  obtained  from  this 
source,  the  information  at  present  available  is  not  sufficient  to  enable  a 
definite  prediction  to  be  made.  The  examinations  thus  far  made  indicate 
that  water  can  be  drawn  from  the  test  wells  with  much  freedom,  and  the 
character  of  the  soil  south  and  west  of  the  wells,  judging  from  surface  in- 
dications, is  favorable  to  a  large  yield  of  water  from  the  ground. 

The  situation  of  the  test  wells  is  such  that  it  seems  probable  that,  when 
a  continuous  draft  is  made  upon  the  ground,  water  will  be  drawn  from 
territory  in  Dedham  and  Hyde  Park  where  there  is  a  large  population,  and 
the  water  will  become  harder  than  it  is  at  present,  and  it  may  be  less  per- 
fectly purified. 

Another  source  of  danger  to  the  quality  of  the  water  is  that  the  water  of 
Mother  Brook,  which  receives  a  considerable  quantity  of  domestic  and 
manufacturing  sewage  from  the  territory  thi*ough  which  it  flows,  may  find  its 
way  through  the  ground  to  the  wells  without  being  thoroughly  purified  by 
filtration.     It  is  impracticable  to  predict  whether  the  water  taken  from  the 
ground  in  this  region  would  deteriorate  in  quality  from  either  cause  to  such 
I  d^ree  as  to  make  it  unsafe  for  use  for  the  next  two  years ;  but,  consider- 
ing the  necessity  of  supplementing  your  present  supply  and  the  desirability 
of  obtaining  a  water  of  better  quality  than  that  at  present  supplied  to  Hyde 
Park  and  Milton,  for  use  until  such  time  as  the  metropolitan  water  supply 
shall  be  available,  the  Board  would  advise  that  this  location  be  adopted  as 
I  temporary  source  of  supply,  but  that  the  quality  of  the  water  be  carefully 
observed  by  means  of  frequent  analyses,  in  order  that  any  serious  deterio- 
ration may  be  discovered.     The  wells  should  be  located  as  far  as  practica- 
ble from  dwelling-houses  and  from  Mother  Brook. 

Kingston.  The  water  board  of  Kingston  applied  to  the  Board, 
April  27,  1896,  for  its  advice  relative  to  increasing  the  public 
water  supply  by  taking  water  from  the  ground  in  the  valley  of 
Fomace  Brook  in  that  town.  The  Board  replied  to  this  appli- 
cation as  follows :  — 

Boston,  July  3,  1896. 

The  State  Board  of  Health  has  considered  your  application  for  advice 
with  reference  to  a  proposed  water  supply  for  the  town  of  Kingston,  to  be 
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taken  from  the  ground  in  the  valley  of  Furnace  Brook,  so-called,  and  has 
caused  an  examination  of  the  proposed  source  to  be  made  by  one  of  its 
engineers,  and  samples  of  water  from  test  wells  in  the  region  in  which  it  is 
proposed  to  locate  the  works  to  be  analyzed. 

Judging  from  tests  which  you  have  made  by  driving  wells  in  the 
valley  of  the  brook  about  600  feet  below  the  tack  factory,  and  pumping 
from  them,  the  conditions  are  favorable,  both  with  regard  to  the  porosity 
of  the  material  and  the  freedom  with  which  water  could  be  pumped  from 
the  test  wells,  to  obtaining  a  large  quantity  of  water  from  the  ground  at 
this  place. 

The  water  of  the  test  wells,  as  shown  by  several  analyses,  is  colorless, 
soft,  and  otherwise  of  excellent  quality  for  the  purposes  of  a  public  water 
supply.  The  quantity  of  iron  present  in  the  water  was  insignificant,  and 
showed  no  tendency  to  increase  while  pumping  for  a  period  of  ten  days ; 
but  there  are  indications  that  the  water  filtering  past  the  dam  at  the  tack 
factory  is  strongly  impregnated  with  iron,  and  in  constructing  a  system  of 
wells  for  collecting  ground  water  in  this  valley  it  will  be  necessary  to  avoid 
locating  any  of  the  wells  in  the  vicinity  of  this  dam. 

The  surface  of  the  ground  about  the  test  wells  is  at  an  elevation  several 
feet  above  your  present  pumping  station,  and  it  is  understood  that  you 
propose  to  lay  a  pipe,  to  convey  the  water  from  the  proposed  source  to  the 
pumping  station  by  gravity ;  but  if  suflScient  water  is  not  furnished  in  this 
way  it  is  expected  to  use  the  pipe  as  a  suction  main.  It  is  probably  not 
practicable,  with  so  long  a  suction  main,  to  reduce  materially  the  level  of 
the  water  in  the  ground  about  the  wells ;  and,  as  the  area  from  which 
water  can  safely  be  drawn  is  limited  by  the  proximity  of  the  dam  above 
the  wells  and  by  the  character  of  the  material  found  beneath  the  ground  a 
short  distance  down  stream  from  the  wells,  which  is  said  to  be  very  fine, 
there  is  some  uncertainty  as  to  whether  a  sufiScient  quantity  of  water  for 
the  supply  of  the  town  at  all  times  can  be  obtained  from  this  source  in  the 
manner  proposed. 

It  is  very  desii-able,  in  constructing  works  for  obtaining  a  new  supply  of 
water,  that  you  secure  an  ample  quantity  for  the  needs  of  the  town  at 
present  and  for  a  reasonable  time  in  the  future ;  and  the  Board  advises 
that,  before  finally  locating  your  wells  and  laying  the  pipe  to  the  pumping 
station,  you  ascertain  whether  the  supply  can  be  increased,  if  necessary, 
by  extending  the  collecting  system  farther  up  the  valley  of  Furnace  Brook. 

The  Board  is  informed  that  there  are  several  long  lines  of  lead  pipe  in 
use  for  distributing  water  in  the  town,  notwithstanding  the  fact  that  the 
use  of  these  pipes  for  the  distiibution  of  water  seriously  injured  the  health 
of  many  citizens  of  the  town  last  year,  causing  this  Board  to  recommend 
the  immediate  removal  of  all  lead  pipes  in  the  town.     The  Board  again 
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niges  the  town  to  proceed  at  ODce  to  remove  all  the  lead  pipe  now  in  use 
in  the  town,  whether  as  mains  or  service  pipes. 


Massachusetts  School  for  the  Feeble-minded.  The  trustees 
of  the  Massachusetts  School  for  the  Feeble-minded  applied  to  the 
Board,  May  21,  1896,  for  its  advice  relative  to  the  propriety  of 
covering  their  water  reservoir.  The  Board  replied  to  this  applica- 
tion as  follows :  — 

Boston,  July  3, 1896. 

The  State  Board  of  Health  has  considered  your  application  for  advice  as 
to  the  necessity  or  advisability  of  covering  the  distributing  reservoir  of 
your  water-supply  system,  in  which  you  state  that  your  supply  is  obtained 
by  pumping  from  the  works  of  the  city  of  Waltham,  and  that  the  water  is 
often  offensive  to  sight  and  smell,  but  that  it  has  not  apparently  been  any 
better  or  worse  for  passing  through  your  reservoir. 

The  water  supply  of  the  city  of  Waltham  is  taken  from  a  covered  filter 
basin  and  weU  near  the  Charles  River,  above  the  city,  and  the  water  at  the 
source  of  supply  is  free  from  taste  and  odor  and  from  vegetable  organisms, 
and  is  a  very  satisfactory  water  for  domestic  use.  The  water  is  supplied 
to  the  city  by  pumping,  and  an  open  reservoir  is  used  in  connection  with 
the  distributing  system.  The  exposure  of  the  water  to  light  in  the  reser- 
voir is  the  cause  of  the  presence  in  the  water  of  large  numbers  of  micro- 
scopical organisms  at  nearly  all  times,  which  impart  to  the  water  a 
disagreeable  taste  and  odor. 

The  effect  of  exposing  ground  water  to  light  in  an  open  distributing 
reservoir  upon  the  quality  of  the  water  is  well  known,  and  the  use  of  the 
reservoir  is  avoided,  so  far  as  practicable,  by  pumping  as  nearly  as  pos- 
sible at  the  same  rate  as  the  consumption.  It  is,  therefore,  probable  that 
most  of  the  supply  that  is  pumped  to  your  distributing  reservoir,  especially 
during  the  summer  season,  is  water  which  comes  from  the  well  or  filter 
basin,  and  has  not  passed  through  the  city  distributing  reservoir.  The 
storage  of  this  water  in  a  reservoir  where  it  is  exposed  to  light  would  be 
favorable  to  the  growth  of  microscopical  organisms,  and  the  quality  of  the 
water  would  deteriorate  in  consequence. 

In  view  of  the  circumstances,  therefore,  it  is  desirable  that  you  cover  your 
reservoir  in  such  a  manner  as  to  keep  the  water  wholly  from  exposure  to  the 
light.  There  will,  of  course,  still  be  danger  that  a  portion  of  the  water  pumped 
to  your  reservoir  will  come  from  the  Waltham  distributing  reservoir,  and 
possibly  be  affected  by  taste  and  odor ;  but  if  your  reserv^oir  is  covered  so  as 
to  exclude  the  light,  the  conditions  will  be  unfavorable  to  a  continuation 
of  the  development  of  microscopical  organisms  that  may  enter  it. 
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Medfield  Insane  Asylum.  The  trustees  of  the  Medfield  Insane 
Asylum  applied  to  the  Board,  July  1,  1896,  for  its  advice  relative 
to  a  proposed  additional  water  supply  for  the  asylum,  to  be  taken 
either  from  driven  wells  near  the  present  supply  or  from  Farm 
Pond  in  Sherbom.  The  Board  replied  to  this  application  as  fol- 
lows :  — 


Boston,  Oct.  1,  1896. 

The  Board  has  caused  an  examination  of  both  of  these  sources  to  be 
made  by  one  of  its  engineers,  and  has  had  samples  of  the  water  analyzed. 
It  was  originally  proposed  to  draw  the  supply  for  this  institution  from  the 
ground,  on  the  right  or  easterly  bank  of  the  Charles  River,  near  the  line 
between  Dover  and  Medfield,  and  twenty  tubular  wells  were  sunk  in  this 
locality.  The  quality  of  the  water  furnished  by  these  wells  is  excellent, 
but  the  quantity  has  been  found  to  be  wholly  inadequate  for  the  needs  of 
the  asylum,  and  the  supply  for  purposes  other  than  drinking  has  been 
drawn  from  the  Charles  River.  Judging  from  information  furnished  by 
your  engineer  as  to  the  character  of  the  material  found  beneath  the  surface 
in  this  vicinity,  it  appears  that  there  are  in  places  deposits  of  gravel  from 
which  ground  water  can  be  drawn  freely,  while  in  other  places  the  material  is 
so  fine  that  it  will  yield  but  little  water.  The  conditions,  on  the  whole,  are 
such  that  it  is  not  probable  that  a  sufficient  quantity  of  water  for  the 
asylum  could  be  obtained  by  driving  additional  wells  in  the  vicinity  of  the 
present  works. 

Farm  Pond  is  situated  at  such  an  elevation  that  its  water  can  be  drawn 
to  your  present  pumping  station  by  gravity.  The  water  of  Farm  Pond 
has  been  examined  several  times  during  the  past  summer,  by  means  of 
chemical  and  microscopical  analyses,  and  has  been  found  to  be  very  soft, 
nearly  colorless,  and  otherwise  of  excellent  quality  for  a  domestic  water 
supply.  The  watershed  is  free  from  dwelling-houses,  and  the  source  is 
naturally  an  excellent  one  for  water-supply  purposes.  On  one  side  of  the 
pond  there  is  a  grove  used  by  picnic  parties  in  summer,  and  care  will  be 
necessary  to  prevent  danger  of  pollution  of  the  water  from  this  cause. 
The  situation  of  the  pond,  not  far  from  the  village  of  Sherbom,  is  such 
that  it  may  be  found  to  be  the  most  appropriate  source  of  supply  for 
this  village  in  the  future;  but  the  yield  of  the  pond  will  be  sufficient 
both  for  the  asylum  and  for  the  town  of  Sherbom,  unless  the  population 
in  either  shall  increase  to  a  much  gi'eater  extent  than  is  to  be  expected  at 
present. 

The  Board  therefore  concludes  that  Farm  Pond  is  an  appropriate  source 
of  additional  water  supply  for  the  Medfield  Insane  Asylum. 
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Mkdway.  The  water  supply  committee  of  Medway  applied  to 
the  Board,  May  23,  1896,  for  its  advice  relative  to  the  introduction 
of  a  public  water  supply,  certain  alternative  sources  being  specified 
in  the  application.  The  Board  replied  to  this  application  as 
follows :  — 

Boston,  Jnly  3,  1896. 

The  State  Board  of  Health  received  from  you,  on  May  25,  an  appliea- 
cation  for  advice  with  reference  to  a  proposed  water  supply  for  the  town, 
in  which  yon  mention  three  proposed  sources  of  supply,  two  of  which  are 
in  the  valley  of  Chicken  Brook  and  the  thiixl  on  the  north  side  of  Main 
Street,  near  Holliston  Street. 

The  Board  has  caused  an  examination  of  the  proposed  sources  to  be 
made  by  one  of  its  engineers,  and  samples  of  water  from  a  spring  and  test 
well  in  the  vaUey  of  Chicken  Brook  to  be  analyzed.  The  analyses  show 
that  the  water  is  of  suitable  quality  for  domestic  purposes,  but  it  does  not 
appear  probable  that  a  supply  of  ground  water  sufficient  for  the  supply 
of  the  town  of  Medway  can  be  obtained  from  the  valley  of  this  brook  in 
the  vicinity  of  either  of  the  points  indicated  by  you. 

With  reference  to  the  third  source,  it  is  understood  that  your  committee 
has  already  concluded  that  the  probable  quantity  of  water  that  could  be 
obtained  from  it  would  be  entirely  inadequate  for  the  supply  of  the  town. 

The  Board  has  already,  on  a  previous  occasion,  considered  the  question 
of  a  water  supply  from  these  sources  and  from  certain  other  sources  in  the 
town,  in  response  to  an  application  from  H.  V.  Mitchell  and  others,  who 
were  about  to  foim  a  water  company ;  and  a  copy  of  the  reply  of  the 
Board,  which  was  dated  March  1,  1892,  is  enclosed. 

The  Medway  Water  Company  submitted  an  application  to  this  Board,  in 
July  of  last  year,  for  advice  with  reference  to  a  water  supply  to  be  taken 
from  the  ground  in  the  easterly  part  of  the  town,  and  have  continued  their 
investigations  during  the  earlier  portion  of  the  present  year.  In  response 
to  their  application,  the  Board  has  recently  advised  the  Medway  Water 
Company  with  reference  to  their  proposed  water  supply,  and  a  copy  of 
this  communication  is  also  enclosed. 


Medway.  The  Medway  Water  Company  applied  to  the  Board, 
July  19,  1895,  for  its  advice  relative  to  taking  a  public  water 
supply  from  the  ground  on  the  left  or  northerly  bank  of  the 
Charles  River  in  the  east  part  of  the  town.  The  Board  replied  to 
this  application  as  follows :  — 
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Boston,  Jaly  3,  1896. 

The  Board  caased  an  examination  of  the  proposed  source  of  supply  to 
])e  made,  and  samples  of  water  from  the  test  wells  located  in  the  vicinity 
of  the  comer  of  Walker  and  Village  streets  to  be  analyzed.  The  results 
of  these  analyses  showed  that  the  water  had  previously  been  polluted  and 
subsequently  purified  to  a  large  extent  by  its  passage  through  the  ground ; 
but  iron  was  present  in  such  quantities  in  some  of  the  samples  as  to 
indicate  that  the  water  would  be  affected  by  the  presence  of  an  excessive 
amount  of  this  ingredient,  should  a  large  quantity  of  water,  such  as  would 
be  needed  for  the  supply  of  the  town  of  Medway,  be  drawn  continuously 
from  the  ground  in  this  vicinity. 

In  view  of  the  unfavorable  character  of  the  water  obtained  from  these 
test  wells,  you  requested  that  the  Board  postpone  the  consideration  of  this 
matter  until  further  investigations  could  be  made ;  and  in  the  spring  of  the 
present  year  a  second  group  of  test  wells  was  put  in  by  you  in  territory  on 
the  opposite  side  of  the  river,  and  about  500  feet  farther  down  stream. 
These  wells  are  three  in  number,  and  ai<e  situated  about  60  feet  from  the 
river,  where  the  latter  makes  a  sharp  bend  known  as  the  "  ox-bow."  The 
Board  has  caused  an  examination  of  this  locality  also  to  be  made,  and  has 
found  that  the  conditions,  as  regards  the  porosity  of  the  soil,  are  favor- 
able to  obtaining  water  freely  from  wells  here,  and  the  territory  on  both 
sides  of  the  river  appears  to  be  of  a  porous  character,  judging  from  surface 
indications ;  but  with  the  information  at  present  available  it  is  not  feasible 
to  tell  whether  or  not  a  sufficient  supply  of  water  for  the  town  can  be 
obtained  from  the  ground  in  this  vicinity. 

Samples  of  water  have  been  collected  from  each  of  the  three  test  wells 
on  two  occasions,  and  the  results  show  in  general  that  the  water  has  at 
some  time  been  polluted  but  subsequently  purified  by  its  passage  through 
the  ground.  The  quantity  of  iron  in  all  of  the  samples  was  so  small  as 
not  to  affect  the  quality  of  the  water,  but  there  was  a  marked  increase  in 
the  quantity  of  iron  found  in  the  second  set  of  samples,  which  were  col- 
lected after  pumping  for  about  ten  hours  daily  for  several  days  with  a 
hand  pump.  The  quality  of  the  water  in  other  respects  improved  some- 
what with  pumping. 

The  changes  that  took  place  in  the  character  of  the  water  while  pump- 
ing only  a  comparatively  small  amount  from  the  wells  make  it  impossi- 
ble to  predict  what  the  probable  character  of  the  water  would  be,  after 
pumping  continuously  for  a  long  time  a  quantity  such  as  would  be  needed 
for  the  supply  of  Medway.  The  location  of  the  proposed  wells,  in 
the  vicinity  of  Charles  River,  a  stream  which  receives  considerable  sew- 
age pollution  from  the  factories  and  villages  along  its  banks  above  this 
point,  makes  it  essential  that  any  water  that  may  enter  the  wells  from  the 
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river  shall  be  thoroughly  purified  by  filtration  for  a  long  distance  through 
the  ground. 

In  view  of  all  the  circumstances,  the  Board  does  not  advise  the  construc- 
tion of  works  for  taking  a  supply  of  water  from  the  ground  in  the  vicinity 
of  the  present  test  wells  until  you  have  made  further  tests  by  driving  wells 
and  pumping  from  them  continuously,  at  as  great  a  rate,  at  least,  as  would 
be  necessary  for  the  supply  of  a  town  like  Medway,  and  for  a  sufficient 
time  to  determine  whether  this  source  can  be  depended  upon  to  furnish 
water  of  satisfactory  quality  for  drinking  purposes,  and  in  sufficient  quan- 
tity for  the  supply  of  the  town. 

It  is  very  desirable,  in  putting  in  additional  wells,  that  they  be  placed 
at  a  much  greater  distance  from  the  river  than  the  present  test  wells. 

The  Board  will,  upon  application,  give  you  further  advice  in  this  matter 
when  you  have  the  results  of  further  investigations  to  present. 

Merrimag.  The  water  supply  committee  of  Merrimac  applied 
to  the  Board  for  its  advice  relative  to  a  water  supply  for  that  town, 
suggesting  certain  sources  for  examination.  The  Board  replied  to 
this  application  as  follows  :  — 

Boston,  Dec  3, 1896. 

The  State  Board  of  Health  has  considered  your  application  with  refer- 
ence to  a  proposed  water  supply  for  the  town  of  Merrimac,  and  has  caused 
an  examination  of  the  sources  mentioned  in  your  application  to  be  made 
by  its  engineer,  and  samples  of  the  waters  to  be  analyzed. 

The  first  source  mentioned  is  Cobbler's  Brook,  which  you  propose  to  use 
either  by  taking  water  from  the  ground,  about  half  a  mile  above  the  rail- 
road station  and  near  the  old  Tukesbury  dam,  or  by  taking  water  from  a 
storage  reservoir,  to  be  formed  by  constructing  a  dam  across  the  valley 
near  the  old  Tukesbury  dam,  or  by  both  methods. 

In  this  locality  you  have  made  tests  of  the  ground  by  means  of  tubular 
wells,  a  portion  of  the  wells  being  located  close  to  the  old  dam,  and  the 
others  about  400  feet  farther  down  the  stream.  The  results  of  these  ex- 
aminations do  not  show  the  presence  of  porous  material  of  sufficient  depth 
and  extent  to  furnish  a  reasonable  expectation  of  obtaining  any  consider- 
able quantity  of  water  from  the  ground.  An  analysis  of  a  sample  of  water 
collected  by  you  from  the  test  well  from  which  water  could  be  pumped 
with  the  most  freedom,  shows  that  it  contains  so  large  a  quantity  of  iron 
that  the  water  would  be  objectionable  for  many  domestic  purposes. 

It  is  probable  that,  by  constructing  a  storage  reser\'oir  of  sufficient  size 
at  the  place  proposed,  enough  water  could  be  obtained  from  the  brook  for 
the  supply  of  the  town ;  but  the  analyses  of  samples  of  water  from  the 
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brook  at  this  point  show  that  the  water  is  highly  colored  and  contains  a 
large  amount  of  organic  matter,  so  that  it  would  be  an  unsatisfactory 
water  for  domestic  uses  in  its  present  state,  and  it  is  unlikely  that  its 
quality  would  be  materially  improved  by  storage  in  a  reservoir  of  the  size 
that  would  be  needed  for  the  supply  of  the  town  of  Merrimac. 

The  next  source  mentioned  in  your  application  is  Lake  Attitash,  or  Kim- 
ball's Pond,  water  to  be  taken  either  directly  from  the  pond  or  from  the 
ground  near  the  pond,  or  by  both  methods. 

The  pond  is  capable  of  supplying  a  much  greater  quantity  of  water  than 
would  be  needed  by  the  town  of  Memmac.  A  limited  number  of  analyses 
of  the  water,  made  in  the  months  of  May,  September  and  October,  show 
that  it  is  soft,  but  that  its  quality  is  variable.  The  water  has  at  times  a 
high  color  and  contains  a  somewhat  large  amount  of  organic  matter,  as 
shown  by  these  analyses ;  and  the  microscopical  examinations  show  the 
presence  of  some  minute  vegetable  organisms,  which  are  often  found  in 
waters  which  give  trouble  from  bad  tastes  and  odors.  The  pond  is,  more- 
over, exposed  to  danger  of  pollution  fi*om  the  summer  cottages  along  its 
shores,  and  in  its  present  condition  cannot  be  considered  a  desirable  or 
safe  source  of  public  water  supply. 

Test  wells  have  been  driven  by  you  in  two  localities  in  the  vicinity  of 
the  pond,  one  near  the  southerly  shore  and  the  other  near  the  westerly 
shore  south  of  Back  River.  The  results  obtained  from  tests  near  the 
southerly  shore  of  the  pond  were  unfavomble,  since  no  deep  stratum  of 
coarse  sand  or  gravel  was  found  from  which  water  could  be  obtained  with 
freedom.  The  tests  made  on  the  westerly  shore  of  the  pond  were  some- 
what more  favorable,  and  a  sample  of  water  collected  by  you  from  one  of 
the  wells  was  found  to  be  colorless,  soft,  and  otherwise  excellent  for  the 
purposes  of  a  water  supply ;  but  ledge  was  found  at  no  great  distance  be- 
neath the  surface,  and,  judging  from  the  results  of  these  tests,  the  condi- 
tions are  not  favorable  for  obtaining  a  sufficient  quantity  of  water  for  the 
town  in  this  locality. 

The  next  source  mentioned  is  "The  Plains,"  so-called,  a  level  tract  of 
land  extending  from  near  the  southerly  end  of  KimbalFs  Pond  towai-d  the 
Merrimac  River.  From  information  obtained  from  a  single  test  well  as  to 
the  character  of  the  material  beneath  the  surface  of  the  Plains,  it  appears 
probable  that  the  material  is  too  fine  to  yield  water  freely  in  any  considera- 
ble quantity ;  and,  judging  from  the  topography  of  the  region,  the  area 
from  which  water  would  be  contributed  to  the  wells  in  this  territory  would 
be  too  small  to  furnish  at  all  times  the  quantity  of  water  that  would  be 
required  by  the  town. 

The  last  source  mentioned  in  your  application  is  the  Back  River  water- 
shed, from  which  you  propose  to  take  water  either  from  the  ground  just 
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below  and  not  far  from  Sargent's  Millpond,' including  the  water  of  Sar- 
gent's Spring,  or  directly  from  the  brook  by  constructing  a  storage  reser- 
voir thereon,  or  by  both  methods. 

It  appears  that  three  test  wells  have  been  driven  in  this  valley,  at  points 
within  a  distance  of  about  a  quarter  of  a  mile  below  Sargent's  Pond,  in 
two  of  which  the  material  was  found  to  be  so  compact  that  no  water  could 
be  obtained,  and  ledge  was  found  within  a  few  feet  of  the  surface.  In  one 
of  the  wells  a  coarse  stratum  of  gravel  was  found,  from  6  to  14  feet 
beneath  the  surface,  from  which  water  could  be  drawn  with  considerable 
freedom,  and  a  sample  of  water  from  this  well  was  collected  by  you  for 
analysis.  The  results  showed  the  presence  of  so  large  a  quantity  of  iron 
in  the  water  as  to  make  it  very  objectionable  for  most  domestic  uses. 

Sargent's  Spring  and  the  springs  in  its  vicinity,  according  to  measure- 
ments furnished  by  your  engineer,  would  not,  alone,  furnish  a  sufficient 
quantity  of  water  for  the  town,  though  the  quality,  judging  from  an 
analysis  of  the  water  of  one  of  these  springs,  would  probably  be  good. 

Analyses  of  the  water  of  Back  River  show  that  it  is  very  highly  colored 
and  much  poorer  in  quality  than  the  water  of  Cobbler's  Brook,  so  that  its 
use  for  water-supply  purposes  would  be  even  more  objectionable  than  the 
nse  of  water  from  Cobbler's  Brook. 

From  the  investigations  thus  far  made,  it  does  not  appear  that  any  of 
the  sources  mentioned  in  the  application  are  likely  to  furnish  a  sufficient 
quantity  of  water  of  satisfactory  quality  for  the  supply  of  the  town  of 
Merrimac. 

In  general,  a  supply  of  water  taken  from  the  ground  is  much  to  be  pre- 
ferred to  one  taken  from  a  stream  or  other  surface-water  source,  because 
the  water  is  colorless  and  free  from  unpleasant  tastes  and  odors ;  and  the 
Board  would  advise  that  you  continue  your  investigations,  with  a  view  to ' 
obtaining  a  supply  of  good  water  from  the  ground. 

While  the  investigations  made  in  the  vicinity  of  Kimball's  Pond  were 
unfavorable  to  obtaining  a  sufficient  supply  of  water  from  the  ground, 
they  were  not  extensive  enough  to  enable  the  Board  to  conclude  that  a 
sufficient  supply  may  not  be  obtained  in  this  region.  Judging  from  sur- 
face indications,  coarse  gravel  is  likely  to  be  found  beneath  the  surface 
along  the  northerly  side  of  Kimball's  Pond,  between  its  outlet  and  Back 
River ;  and,  while  this  territory  is  outside  the  limits  of  Memmac,  it  is  de- 
sirable that  an  investigation  be  made  here,  to  see  whether  it  may  not  be 
possible  to  obtain  a  supply  of  water  from  the  ground  in  this  locality.  It 
also  seems  desirable  that  a  further  investigation  be  made  along  the  shore  of 
the  pond,  south  of  Back  River. 

The  Board  will,  upon  application,  give  you  further  advice  in  this  matter 
when  you  have  the  results  of  additional  investigations  to  present. 
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Montague  (Miller's  Falls)  .  The  State  Board  of  Health  re- 
ceived an  application  from  the  water  supply  committee  of  Miller's 
Falls,  Dec.  9,  1895,  for  the  advice  of  the  Board  relative  to  certain 
proposed  sources  of  water  supply  for  that  village,  at  the  same  time 
suggesting  Osgood  Brook  and  Lake  Pleasant  as  alternative  sources. 
The  Board  replied  to  this  application  as  follows :  — 

Boston,  Feb.  6,  1896. 

The  State  Board  of  Health  has  considered  your  application  with  refer- 
ence to  a  proposed  water  supply  for  Miller's  Falls,  in  which  you  state  that 
the  sources  under  consideration  are  Osgood  Brook,  so-called,  and  Lake 
Pleasant,  the  present  source  of  supply  of  Turner's  FaUs,  and  ask  the 
advice  of  the  Board  as  to  which  of  these  sources  will  furnish  the  best 
water,  and  as  to  whether  Osgood  Brook  will  furnish  enough  water,  if  taken 
in  the  vicinity  of  Lyon's  mill,  to  supply  the  present  and  prospective  popu- 
lation of  the  village  in  the  driest  time  in  a  dry  year,  and  for  any  other 
information  which  will  assist  you  in  the  selection  of  a  water  supply  for  the 
village. 

The  Board  has  caused  an  examination  of  Osgood  Brook  to  be  made,  and 
samples  of  the  water  of  the  brook  in  the  vicinity  of  Lyon's  mill  and  of  the 
water  of  Ruggles  Pond,  situated  upon  the  brook  above  Lyon's  mill,  to  be 
analyzed.  The  samples  were  collected  from  each  source  December  8  and 
19.  The  water  of  the  pond  and  brook  on  the  first  date  had  a  very  high 
color;  on  the  second  date,  the  color  of  the  water  of  the  pond  remained 
practicaUy  the  same,  but  the  color  of  the  water  of  the  brook  was  consid- 
erably less,  a  condition  which  might  have  been  caused  by  melting  snow- 
water entering  the  brook  below  the  pond. 

It  is  difficult  to  judge,  from  analyses  made  at  this  season  of  the  year, 
what  the  character  of  the  water  may  be  at  other  times ;  but,  judging  from 
the  information  at  present  available  as  to  the  character  of  this  pond  and 
from  the  results  of  the  analyses,  the  indications  are  that  the  water  of  this 
pond  and  consequently  of  the  brook  below  is  likely  to  be  unsatisfactory  for 
domestic  purposes. 

While  it  might  be  possible,  either  by  making  improvements  in  Ruggles 
Pond  and  its  vicinity  by  removing  the  vegetable  matter  and  raising  the 
dam  or  by  draining  the  pond  and  the  swamps  above  it,  to  improve  the 
quality  of  the  water  of  Osgood  Brook,  the  cost  to  the  village  of  obtaining 
a  water  supply  of  satisfactory  quality  in  this  way  would  probably  exceed 
the  cost  of  a  supply  from  Lake  Pleasant. 

With  reference  to  the  probable  quantity  of  water  that  Osgood  Brook 
would  furnish  in  a  very  dry  season,  without  the  use  of  the  storage  capacity 
of  Ruggles  Pond,  no  definite  advice  can  be  given  with  present  informa- 
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tion.  Should  the  flow  per  square  mile  be  as  small  as  has  been  found  to 
be  the  case  with  some  brooks  of  similar  character,  the  yield  would  not 
probably  be  suflScient  for  the  village  at  all  times ;  while,  if  the  flow  is  as 
well  maintained  in  the  drier  portion  of  a  dry  summer  as  it  is  in  the  case  of 
many  other  brooks,  the  quantity  would  be  ample.  This  matter  could  only 
be  determined  by  careful  gaugings  of  the  flow  of  the  brook  in  the  drier 
portion  of  a  dry  season. 

In  view  of  all  the  circumstances,  the  Board  is  of  the  opinion  that  Lake 
Pleasant  would  prove  a  more  satisfactory  source  of  supply  than  Osgood 
Brook  in  its  present  state,  and  is  the  more  appropriate  supply  for  the 
village  of  Miller's  Falls. 


Northampton.  An  application  was  received  from  the  water 
board  of  Northampton,  Feb.  3,  1896,  for  the  advice  of  the  State 
Board  of  Health  relative  to  increasing  the  water  supply  of  the  city 
by  taking  the  water  of  Ashfield  or  Bradford  Brook,  a  tributary  of 
Mill  Kiver.     The  Board  replied  to  this  application  as  follows  :  — 

• 

Boston,  March  6, 1896. 

The  State  Board  of  Health  received  from  you,  Jan.  25,  1896,  an  appli- 
cation relative  to  the  use  of  Mill  River  and  its  tributaries  as  a  source  of 
water  supply  for  Northampton.  Regai-ding  this  source  of  supply  and  the 
proposed  method  of  utilizing  the  water  from  it,  you  make  the  following 
statement :  — 

^  ^  We  ask  for  the  State  right  to  use  Mill  River  and  its  tributaries  for  a 
water  supply  for  Northampton,  Mass. 

"  We  do  not  expect  to  use  the  whole  system  at  present,  but  a  tributary 
of  Mill  River,  called  the  East  Branch  of  Ashfield  or  Bradford  Brook,  in 
Williamsburg,  which  is  the  site  of  an  old  reservoir  that  went  out  in  May, 
1874,  causing  the  Mill  River  flood,  and  which  has  not  been  rebuilt.  The 
land  flowed  would  be  about  108  acres,  the  depth  at  dam  about  47  feet,  the 
average  depth  about  20  feet,  the  capacity  about  J  billion  gallons.  It  is 
said  to  have  filled  four  times  in  ordinary  years. 

'*  Under  the  circumstances,  perhaps  it  would  be  considered  necessary  for 
you  to  examine  only  this  branch  of  Mill  River. 

'*The  surrounding  country  is  uninhabited,  mountainous  and  mostly 
wooded,  with  no  highways  near,  and  no  danger  of  pollution  either  present 
or  in  prospect. 

*'  The  bed  of  the  reservoir  site  is  covered  with  a  growth  of  wood  twenty- 
two  years  old.  The  soil  is  gravelly,  with  no  swamps  so  far  as  we  know. 
The  quality  of  water  is  excellent. 
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^^  We  propose  to  pipe  from  the  dam  about  4  miles  to  where  the  water 
will  flow  in  an  open  stream  to  our  new  or  middle  reservoir,  about  2  miles." 

The  Board  has  caused  an  examination  of  the  East  Branch  of  Ashfield  or 
Bradford  Brook  to  be  made,  and  a  sample  of  water  collected  near  the  site 
of  the  former  reservoir  to  be  analyzed.  The  analysis  shows  that  the  water 
is  slightly  colored,  but  that  it  is  quite  soft,  and  otherwise  of  satisfactory 
quality  for  the  purposes  of  a  domestic  water  supply ;  and,  while  it  is  diffi- 
cult to  judge  from  a  single  analysis  at  this  season  of  the  year  what  the 
quality  of  the  water  may  be  at  other  seasons,  there  is  little  reason  to  ex- 
pect that  it  would  be  very  different ;  and,  if  the  water  is  stored  in  a  reser- 
voir properly  prepared  for  the  purpose  by  the  removal  of  all  the  soil  and 
vegetable  matter  from  the  area  to  be  flowed,  its  quality  should  not  deteri- 
orate. 

The  quantity  of  water  which  this  source  would  yield  with  a  reservoir  of 
the  size  proposed  would  be  sufficient,  in  connection  with  present  soui*ces, 
for  a  population  several  times  as  great  as  is  now  contained  in  North- 
ampton. 

An  estimate  of  the  capacity  of  the  present  sources  of  supply  of  North- 
ampton, based  upon  the  area  of  the  watershed,  as  measured  from  the 
topographical  map  of  the  State,  and  the  capacity  of  the  existing  storage 
reservoirs  upon  this  watershed,  as  given  in  the  annual  reports  of  your 
board,  indicates  that,  if  the  consumption  of  water  per  capita  in  North- 
ampton is  no  larger  than  in  other  cities  where  records  of  the  consumption 
of  water  are  kept,  the  capacity  of  your  present  sources  is  sufficient  for  the 
supply  of  the  city  for  several  years,  and  there  is  no  immediate  need  of  a 
new  supply  on  account  of  the  quantity  of  water. 

The  quality  of  the  water,  while  affected  somewhat  by  contact  with  vege- 
table matter  in  swamps,  which  gives  it  at  times  considerable  color,  is 
satisfactory,  excepting  that  the  water  of  the  reservoir  recently  built  was 
affected  by  a  disagreeable  taste  and  odor  during  the  summer  of  1895. 
This  may  have  been  caused  by  the  flooding  of  a  swampy  area  adjacent  to 
the  reservoir,  in  consequence  of  the  use  of  the  flashboards  upon  the  dam. 
By  avoiding  this  condition  in  the  future,  the  quality  of  the  water  of  this 
reservoir  is  likely  to  be  more  satisfactory. 

If  the  storage  capacity  upon  the  watershed  could  be  doubled,  a  large 
increase  in  the  capacity  of  the  works  would  be  made,  and  the  need  of  an 
additional  supply  from  another  watershed  would  be  postponed  for  many 
years.  Moreover,  if  a  site  can  be  found  where  a  storage  resen'^oir  of 
considerable  depth  can  be  constructed,  and  if  the  reservoir  is  properly  pre- 
pared for  the  reception  and  storage  of  water  by  the  thorough  removal  of 
the  soil  and  vegetable  matter  from  its  bottom  and  sides,  water  of  satisfac- 
tory quality  should  be  obtained.     It  is  possible  that  the  fuilher  improve- 
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ment  in  the  quality  of  the  water  could  be  made  by  draining  the  swamps 
upon  the  watershed,  where  necessary.  The  information  at  present  avail- 
able, however,  is  not  sufficient  to  enable  the  Board  to  determine  whether  it 
is  feasible  to  increase  further  the  reserA'oir  capacity  upon  the  watershed, 
and  it  would  be  very  difficult  to  make  a  satisfactory  investigation  with 
reference  to  this  matter  at  this  season  of  the  year. 

Under  the  circumstances,  the  Board  would  advise  that,  before  proceeding 
to  take  an  additional  supply  from  the  valley  of  Mill  River,  as  proposed  in 
your  application,  you  cause  an  investigation  of  the  watershed  of  Roberts' 
Meadow  Brook  to  be  made,  to  determine  the  feasibility  of  increasing  the 
storage  capacity  thereon,  and  the  probable  cost  of  increasing  the  supply  of 
Northampton  in  this  way,  as  compared  with  the  cost  of  obtaining  an  addi- 
tional supply  from  the  valley  of  Mill  River. 

In  this  connection  the  Board  would  also  suggest  that  you  cause  an  in- 
vestigation to  be  made  as  to  the  feasibility  of  obtaining  an  additional 
supply  in  connection  with  your  present  works,  by  diverting  into  the  water- 
shed of  Roberts*  Meadow  Brook  by  gravity  the  waters  of  the  upper  portion 
of  the  North  Branch  of  the  Manhan  River,  about  3^  miles  above  the  village 
of  Loudville,  and  as  to  the  probable  quantity  and  quality  of  water  to  be 
obtained  from  this  source,  and  its  cost  as  compared  with  the  other  schemes. 
The  Board  will,  upon  application,  ad\ase  you  further  in  this  matter  when 
you  have  additional  information  to  present. 


PiTTSFiELD.  The  board  of  public  works  of  Pittsfield  applied  to 
the  State  Board  of  Health,  Nov.  18,  1895,  for  its  advice  with  refer- 
ence to  increasing  the  water  supply  of  the  city  by  taking  the  waters 
of  certain  brooks  in  neighboring  towns.  The  board  replied  to  this 
application  as  follows  :  — 

B08TON,  Jan.  16,  1896. 

On  Nov.  18,  1895,  the  State  Board  of  Health  received  from  you  an 
appUcation  for  advice  with  reference  to  your  proposed  plans  for  increasing 
the  water  supply  of  Pittsfield,  as  follows  :  — 

'*The  city  of  Pittsfield,  represented  by  its  board  of  public  works,  desires 
the  advice  of  the  State  Board  of  Health  upon  its  plans  for  iucreasiog  its 
water  supply  in  the  following  manner :  — 

*'  Taking  and  appropriating  the  waters  of  Sachem  and  Hollow  brooks  in 
Lanesborough  and  in  Hancock,  if  their  watershed  extends  into  the  town  of 
Hancock,  and  bringing  them  into  the  northern  part  of  our  water  system 
by  means  of  the  construction  of  a  dam  or  dams  at  a  suitable  elevation  to 
cause  these  waters  to  fiow  into  our  system  by  gravity ;    the  taking  and 
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appropriating  of  the  waters  of  Smith  and  May  brooks  in  the  city  of  Pitts- 
field  and  the  town  of  Hancock,  and  bringing  them  into  the  western  portion 
of  our  water  system  in  the  same  manner ;  raising  the  dam  at  Ashley  Lake, 
our  present  storage  reservoir,  so  as  to  increase  its  storage  capacity." 

Subsequently  a  report  of  your  engineer  was  submitted,  containing  the 
results  of  his  investigations  with  reference  to  an  additional  water  supply 
for  the  city,  with  data  as  to  the  consumption  of  water  and  the  flow  of  many 
streams  in  the  vicinity,  including  those  at  present  used  for  the  supply  of 
the  city  and  those  proposed  as  sources  of  additional  supply. 

The  Board  has  caused  an  examination  of  the  proposed  sources  of  supply 
to  be  made  by  one  of  its  engineers,  and  samples  of  the  water  to  be  an- 
alyzed. 

The  results  of  analyses  of  samples  of  water  from  each  of  the  brooks  men- 
tioned in  your  application,  collected  by  you  on  Aug.  12,  1895,  and  of  sam- 
ples collected  on  Nov.  27,  1895,  after  heavy  rains,  indicate  that  the  water  of 
Smith  and  May  brooks  is  of  about  the  same  character  as  that  of  Sackett, 
Ashley  and  Mill  brooks,  three  of  your  present  sources  of  supply.  The 
waters  of  Sachem  and  Hollow  brooks,  however,  while  of  much  the  same 
quality  in  most  respects,  are  harder,  the  hardness  of  Sachem  Brook 
apparently  being  nearly  as  great  as  that  of  Hathaway  Brook,  one  of  your 
present  sources  of  supply.  The  hardness  of  the  water  is  due  to  limestone, 
of  which  there  appears  to  be  a  large  amount  within  the  watereheds  of 
Sachem  and  Hollow  brooks.  On  the  whole,  the  indications  are  that  the 
waters  of  these  brooks  may  be  much  harder  than  is  desirable  for  do- 
mestic use. 

With  regard  to  the  quantity  of  water  that  your  sources  of  supply  could 
be  depended  upon  to  yield  in  a  dry  year  after  development  in  the  manner 
proposed,  no  definite  prediction  can  be  made  with  the  information  at  pres- 
ent available  to  the  Board.  The  information  obtained  from  the  report  of 
your  engineer  as  to  the  flow  of  the  various  brooks  during  a  portion  of  last 
summer  and  fall  indicates  that  in  a  very  dry  year  the  yield  of  your  present 
sources,  viz.,  Sackett,  Ashley,  Hathaway  and  Mill  brooks  and  Ashley 
Lake,  might  be  increased  from  fifty  to  sixty  per  cent,  by  the  addition  of 
Sachem,  Hollow,  May  and  Smith  brooks,  as  proposed.  As  to  the  question 
of  raising  the  dam  at  Ashley  Lake  two  feet,  the  experience  of  the  past 
seventeen  years,  in  five  of  which  the  lake  failed  to  fill  in  the  spring,  shows 
with  sufficient  conclusiveness  that  with  present  conditions  but  little  benefit 
can  be  derived  from  raising  the  dam.  If,  however,  the  area  of  the  water- 
shed can  be  increased,  it  may  be  desirable  to  raise  the  dam. 

Your  present  sources  appear  to  be  capable  of  supplying  the  city  for  the 
next  two  years,  even  if  they  are  dry  ones,  if  the  consumption  of  water  is 
kept  within  reasonable  limits,  unless  Ashley  Lake  fails  to  fill  in  the  coming 
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spring.  In  any  case,  should  an  emergency  arise,  a  temporary  additional 
supply,  sufficient  in  quantity,  is  available  by  pumping  water  from  Sackett 
Brook  at  your  present  temporary  pumping  station,  though  it  is  desirable  to 
avoid  the  use  of  this  water,  if  possible,  on  account  of  its  excessive  hard- 
ness.  In  view  of  all  the  circumstances,  the  Board  would  advise  that  you 
make  surveys  and  investigations  in  the  vicinity  of  Ashley  Lake,  to  deter- 
mine whether  it  is  feasible  to  increase  the  area  of  its  watershed  and  how 
large  an  additional  area  of  waterahed  can  be  made  tributary  to  the  lake. 

A  few  years  ago  the  Board  advised  that  West  Pond  in  Washington  was 
not  a  satisfactory  source  of  water  supply,  on  account  of  its  color  and 
organic  matter.  These  are  evidently  derived  from  the  vegetable  matter  of 
the  swamp  in  and  around  the  pond ;  and,  in  view  of  the  fact  that  your 
present  supply  from  Mill  Brook  can  be  readily  supplemented  by  gravity 
from  Roaring  Brook  below  West  Pond,  and  of  the  importance  to  your 
water-supply  system  of  additional  storage-reservoir  capacity,  it  is  worthy 
of  examination  to  determine  whether  such  reservoir  capacity  may  not  be 
obtained  and  a  large  drainage  area  made  available  by  removing  the  vege- 
table matter  in  and  around  this  pond. 

It  is  also  suggested  that  the  question  of  the  cost  of  taking  water  from 
Onota  Lake  by  means  of  a  pumping  station  at  its  southerly  end  be  investi- 
gated. 

In  connection  with  these  investigations,  it  is  advisable  to  have  the  waters 
of  the  different  available  sources  analyzed  from  time  to  time,  so  as  to  de- 
termine their  general  character  at  different  seasons  of  the  year. 

With  information  as  to  the  points  mentioned,  the  Board  can  advise  you 
more  definitely  as  to  the  most  appropriate  source  of  additional  supply  for 
Pittsfield. 

Plymouth.  The  water  commissioners  of  Plymouth  applied  to 
the  Board,  Dec.  10,  1895,  for  its  advice  relative  to  the  best  method 
of  preventing  the  bad  taste  of  their  water  supply,  supposed  to  be 
due,  as  stated  in  the  application,  to  the  presence  of  Uroglena  in 
the  water  of  the  source  of  supply  (Little  South  Pond).  The  Board 
replied  to  this  application  as  follows  :  — 

Boston,  May  7,  1896. 

The  State  Board  of  Health  has  considered  your  application  for  advice 
as  to  whether  there  is  any  means  of  preventing  the  appearance  in  Little 
South  Pond  of  the  organism  JJroglena^  which  imparts  to  the  water  a  dis- 
agreeable taste  and  odor,  and  your  request  for  advice  in  general  as  to  the 
best  method  of  improving  the  quality  of  the  water  supply  of  the  town. 

The  organism  UrogUna  was  first  obsen-ed  by  the  biologists  of  the  Board 
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in  the  winter  of  1891-92,  when  its  presence  was  discovered  in  the  water  of 
Little  South  Pond  and  in  two  or  three  other  sources  at  about  the  same 
time.  Since  then  it  has  been  observed  in  several  other  water  supplies  in 
the  State,  in  some  of  which  it  has  caused  serious  trouble,  as  at  Plymouth. 

The  cause  of  the  appearance  of  this  organism  in  water  is  not  known, 
and  there  is  no  known  method  of  preventing  its  appearance  or  growth  in 
the  water  of  a  pond  or  resen'oir.  In  ponds  in  which  its  presence  has  been 
noted  the  experience  has  been  that  it  occurs  in  the  winter  season,  between 
October  or  November  and  March  or  April.  In  some  ponds  it  has  been 
present  in  nearly  every  year  since  it  was  first  observed,  though  it  appears 
to  be  present  in  less  numbers  and  to  affect  the  character  of  the  water  less 
seriously  in  some  years  than  in  others. 

This  has  been  the  case  in  Little  South  Pond,  where  the  organism  has 
been  present  in  greater  or  less  numbers  during  nearly  every  year  in  the 
past  five  yeare,  while  previous  to  that  time  the  water  is  said  to  have  been 
excellent  for  many  years.  There  is,  however,  a  reference  to  complaint  as 
to  the  quality  of  the  water  in  the  report  of  the  Plymouth  water  board  for 
1877,  but  the  exact  cause  of  the  trouble  at  that  time  does  not  appear  to 
have  been  determined. 

With  reference  to  the  best  method  of  improving  the  quality  of  the  water 
supply  of  the  town,  with  the  information  at  present  available,  the  Board 
can  advise  you  only  in  a  general  way. 

The  conditions  in  the  vicinity  of  the  ponds  from  which  your  present 
supply  is  drawn  appear  to  be  very  favorable  —  judging  from  surface  indi- 
cations—  to  obtaining  water  from  the  ground  with  freedom,  and  this  is 
true  also  of  much  of  the  territory  about  Plymouth.  A  good  ground  water, 
if  delivered  to  consumers  without  exposure  to  light  either  at  the  source  or 
in  a  distributing  reservoir,  is  more  satisfactory  than  a  surface  water,  on 
account  of  its  attractive  appearance  and  freedom  from  taste  and  odor.  If 
such  a  supply  can  be  obtained  in  the  vicinity  of  Little  South  Pond,  in 
sufficient  quantity  to  furnish  all  the  water  needed  by  the  town  at  times 
when  the  quality  of  the  present  sources  is  unsatisfactory,  the  present  con- 
duit pipes  might  be  used  to  convey  the  water  by  gravity  to  the  pumping 
station  and  the  town,  as  at  present ;  and  under  the  circumstances  it  would 
probably  be  more  economical  to  take  a  supply  from  this  vicinity  rather 
than  elsewhere. 

If  a  ground-water  supply  is  introduced,  it  will  be  necessary  to  make  such 
changes  in  the  distributing  system  as  will  make  it  possible  to  deliver  water 
to  consumers  without  exposure  to  light. 

It  might  be  possible  to  purify  the  water  drawn  from  Little  South  Pond 
by  filtration  near  the  present  pumping  station,  but  such  experiments  upon 
the  filtration  of  this  water  as  have  thus  far  been  made  have  not  been  suffi- 
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cient  to  enable  the  Board  to  advise  you  as  to  the  size  of  filter  or  the  rate 
of  filtration  by  which  the  purification  of  the  water  could  be  satisfactorily 
effected.  If,  as  a  result  of  experiments,  it  should  be  found  that  it  is  fea- 
sible to  purify  the  water  by  filtration,  it  is  not  unlikely  that  the  cost  would, 
in  the  end,  be  greater  than  the  cost  of  a  ground-water  supply,  if  a  suitable 
source  can  be  found  neai*  Little  South  Pond,  as  suggested.  The  trouble 
with  the  water  has  generally  been  most  serious  in  cold  weather,  when  much 
care  might  be  necessary  to  secure  satisfactory  results  by  filtration ;  more- 
over, while  the  water  supplied  to  the  high-service  system  might  be  filtered 
and  supplied  to  the  pumps,  as  at  present,  by  gravity,  pumping  might  be  nec- 
essary in  order  to  supply  the  low-service  system  under  satisfactory 
pressure,  on  account  of  the  loss  of  head  in  the  process  of  filtration. 

Another  method  by  which  a  water  of  satisfactory  quality  might  be 
obtained  would  be  to  extend  the  present  intake  pipes  around  Little  South 
Pond  to  connect  with  Great  South  Pond,  making  it  possible  to  draw  water 
from  either  source  independently  by  closing  the  connection  between  the 
ponds.  While  it  does  not  appear,  from  the  limited  number  of  examina- 
tions thus  far  made,  that  Uroglena  has  ever  been  present  in  the  water  of 
Great  South  Pond,  it  cannot  be  predicted  that  the  organism  may  not 
appear  in  the  future  in  this  source  as  well  as  in  Little  South  Pond,  and  at 
the  same  time.  It  is  not  certain,  therefore,  that  a  water  of  satisfactory 
quality  would  be  obtained  by  this  method  at  all  times. 

In  view  of  all  the  circumstances,  the  Board  would  advise  that  you  have 
an  investigation  made,  to  determine  whether  it  is  feasible  to  obtain  a  satis- 
factory ground-water  supply  from*  the  vicinity  of  Little  South  Pond  in 
connection  with  your  present  works,  taking  into  consideration  the  necessity 
of  keeping  the  water  from  exposure  to  light. 

Before  deciding  to  introduce  a  ground-water  supply  from  the  vicinity  of 
Little  South  Pond,  it  is  desirable  that  you  determine  whether  the  capacity 
of  the  present  sources  is  sufficient  for  a  considerable  time  in  the  future. 
If  the  capacity  of  present  sources  exceeds  but  little  the  present  consump- 
tion of  water  by  the  town,  it  will  probably  be  best  to  consider  also  the 
question  of  an  additional  supply,  in  connection  with  the  question  of  obtain- 
ing a  water  of  better  quality. 

The  Board  will,  upon  application,  advise  you  further  with  reference  to 
improving  the  quality  of  your  water  supply  when  you  have  additional  infor- 
mation to  present. 


Severe  Water  Company.  The  Revere  Water  Company  applied 
to  the  Board,  Nov.  9,  1895,  for  its  advice  relative  to  increasing 
their  water  supply  by  taking  the  water  of  a  branch  of  Crystal  Brook, 
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which  flows  from  Castle  Hill  in  Saugus,  and  also  as  to  the  quality 
of  the  brook  which  flows  past  the  pumping  station  in  Cliftondale. 

A  subsequent  application  was  made,  Feb.  20,  1896,  for  the 
advice  of  the  Board  relative  to  taking  an  additional  supply  from 
wells  in  the  valley  of  the  same  brook,  at  its  junction  with  Crystal 
Brook,  near  the  corner  of  Main  and  Harvard  streets  in  Saugus. 

BosTox,  March  6,  1896. 

On  Nov.  9,  1895,  the  State  Board  of  Health  received  from  you  an 
application  with  reference  to  the  use  of  water  for  the  supply  of  the  towns 
of  Revere  and  Winthrop  from  the  tributary  of  Crystal  Brook,  flowing  from 
the  vicinity  of  Castle  Hill  in  Saugus,  and  from  the  brook  flowing  past  your 
present  pumping  station  at  Cliftondale.  You  propose  to  use  the  water 
during  the  winter  season,  and  to  allow  the  ground  water  of  your  present 
sources  to  accumulate  for  use  in  the  summer  season.  Subsequently,  a 
further  request  was  received  for  advice  as  to  procuring  an  additional 
supply  from  wells  at  a  point  in  the  town  of  Saugus  near  the  corner  of 
Main  and  Howard  streets,  which  is  in  the  valley  of  Crystal  Brook,  near  the 
point  where  it  is  joined  by  the  brook  flowing  from  Castle  Hill. 

The  towns  of  Revere  and  Winthrop  are  included  in  the  metropolitan 
water-supply  district,  works  for  the  supply  of  which  are  now  being  con- 
structed, but  it  is  not  expected  that  these  works  will  be  in  operation  for 
two  years. 

The  water  of  the  wells  at  Revere  has  always  been  hard,  but  in  the  last 
three  years,  owing  to  an  excessive  drou^t,  has  been  affected  in  an  increas- 
ing degree  by  the  infiltration  of  sea  water,  and  it  is  desirable  to  avoid  the 
use  of  this  water  entirely  for  the  present.  If  pumping  from  these  wells  is 
avoided,  the  water  will  probably  return  to  its  former  condition,  but  it  is 
uncertain  how  long  a  time  it  will  require.  Under  the  circumstances,  an 
additional  temporary  supply,  capable  of  yielding  about  500,000  gallons  per 
day  during  the  months  from  June  to  September,  inclusive,  and  a  less 
amount  in  other  months,  is  needed. 

The  Boaixl  has  caused  an  investigation  of  the  proposed  sources  of  supply 
to  be  made  by  its  engineers,  and  samples  of  the  water  of  the  brooks  men- 
tioned in  the  application  to  be  analyzed. 

While  the  water  of  all  of  the  brooks  is  colored  to  a  greater  or  less  degree 
by  contact  with  vegetable  matter  in  swamps,  if  the  water  were  safe  for 
drinking,  it  would  undoubtedly  be  much  more  satisfactory  for  domestic  use 
than  the  water  of  your  wells  at  Revere,  in  its  present  condition. 

The  watersheds  of  both  of  the  main  tributaries  of  the  brook  flowing  past 
the  pumping  station  at  Cliftondale  contain  a  large  population,  and  the 
danger  of  pollution  entering  the  stream  from  this  population  makes  the 
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water  of  these  brooks,  and  consequently  of  the  main  brook,  as  a  whole, 
unsafe  for  drinking.  The  watershed  of  the  tributary  of  Crystal  Brook, 
flowing  from  the  vicinity  of  Castle  Hill,  contains  a  smaller  population  per 
square  mile  than  the  others,  but  the  danger  of  the  pollution  of  the  water 
from  this  population  is  such  that  this  brook  also  must  be  considered  unsafe 
for  drinking. 

With  regard  to  your  second  question,  as  to  the  adNnsability  of  procuring 
an  additional  supply  of  water  from  wells  near  the  comer  of  Main  and 
Howard  streets,  in  the  valley  of  Crystal  Brook,  in  Saugus,  no  definite  ad- 
vice can  be  given,  in  the  absence  of  any  tests  to  indicate  the  probable 
quantity  and  quality  of  ground  water  to  be  obtained  there.  While  Crystal 
Brook  would  not  be  a  suitable  source  from  which  to  take  directly  a  supply 
of  water  for  drinking,  the  use  of  water  drawn  from  wells  in  the  valley  of 
the  brook  as  a  temporary  source  of  supply  would  not  necessarily  be  objec- 
tionable ;  and  it  may  be  said  that  the  general  conditions  for  obtaining  an 
additional  supply  of  water  appear  to  be  more  favorable  in  the  valley  of  this 
brook  than  elsewhere  in  the  vicinity  of  your  present  works. 

The  Board  would,  therefore,  advise  that  an  investigation  be  made,  with 
a  view  to  determining  the  probable  quantity  and  quality  of  water  to  be  ob- 
tained from  the  ground  in  the  valley  of  Crystal  Brook  in  the  vicinity  of 
Howard  and  Main  streets  in  Saugus. 

The  Board  will,  upon  application,  advise  you  further  with  reference  to 
this  source  when  you  have  additional  information  to  present. 

It  has  not  been  considered  necessary,  within  the  scope  of  this  communi- 
cation, to  consider  the  provisions  of  chapter  400  of  the  Acts  of  1893. 

Sheffield.  The  Sheffield  Water  Company  applied  to  the  Board, 
April  17,  1896,  for  its  advice  with  reference  to  taking  the  water  of 
the  brook  flowing  from  Three  Mile  Pond  as  a  source  of  public 
water  supply.     The  Board  replied  to  this  application  as  follows  :  — 

Boston,  Jane  6,  1896. 

The  State  Board  of  Health  has  considered  your  application  relative  to  a 
proposed  water  supply  for  Sheffield,  to  be  taken  from  the  brook,  flowing 
from  Three  Mile  Pond,  known  as  Iron  Work  Brook,  and  has  caused  an 
examination  of  the  proposed  source  to  be  made  by  one  of  its  engineers, 
and  samples  of  the  water  to  be  analyzed. 

The  chemical  analyses  show  that  the  water  is  hard,  and  has  a  high  color 
probably  during  most  of  the  year ;  and,  while  it  is  probable  that  a  suffi- 
cient supply  for  the  town  could  be  obtained  from  this  source,  the  water 
cannot  be  regarded  as  of  satisfactory  quality  for  the  purposes  of  a  public 
water  supply. 
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In  reply  to  your  application  of  last  year,  for  advice  with  reference  to  the 
use  of  water  from  springs  in  the  valley  of  Pool  Brook,  the  Board  stated 
that  it  regarded  this  source  as  an  appropriate  one  from  which  to  take  a 
supply  of  water  for  the  town.  A  second  examination  of  the  water  of  this 
source,  by  means  of  a  chemical  analysis  in  May  of  the  present  year,  tends 
to  confirm  the  opinion  expressed  last  year,  —  that  the  water  of  the  springs 
is  soft,  and  of  excellent  quality  for  the  purposes  of  a  public  water  supply. 

Judging  from  present  information,  it  does  not  appear  to  the  Board  that 
there  would  be  any  material  difference  in  the  cost  of  works  for  taking 
water  from  either  of  the  sources  proposed ;  and,  considering  the  excellent 
quality  of  the  water  of  the  springs  in  the  vicinity  of  Pool  Brook,  the  Board 
regards  this  source  as  the  more  appropriate  one  from  which  to  take  a 
supply  of  water  for  Sheffield. 


SwAMPSCOTT.  The  Marblehead  Water  Company  applied  to  the 
Board,  Aug.  1,  1896,  for  its  advice  relative  to  an  increase  of  their 
water  supply  by  taking  water  from  the  ground  in  the  neighbor- 
hood of  Thompson's  Meadow  in  the  north  part  of  Salem,  near  the 
boundary  line  between  Salem  and  Swampscott.  The  Board  replied 
to  this  application  as  follows  :  — 

Boston,  Sept.  3,  1896. 

The  State  Boaixi  of  Health  has  considered  your  application  for  advice 
with  reference  to  an  additional  water  supply  for  Swampscott  and  Nahant, 
to  be  taken  from  the  ground  in  the  vicinity  of  Thompson's  Meadow,  so 
called,  situated  in  the  southerly  portion  of  Salem,  very  close  to  the 
boundary  line  between  Salem  and  Swampscott,  and  has  caused  an  exam- 
ination of  the  proposed  source  of  supply  to  be  made,  and  samples  of  the 
water  from  test  wells  in  the  meadow  to  be  analyzed.  The  analyses  show 
that  the  water  is  somewhat  hard,  but  is  otherwise  of  excellent  quality  for 
the  purposes  of  a  public  water  supply.  Whether  it  will  remain  so  if  water 
is  pumped  continuously  from  the  ground  here  for  a  long  time  cannot  be 
foretold  with  certainty  from  a  single  examination. 

Information  furnished  by  you  as  to  the  character  of  the  soil  found  in 
driving  the  test  wells  indicates  that  a  layer  of  gravel  from  18  to  24  feet  in 
thickness  was  found  in  all  of  the  wells,  at  a  considerable  depth  beneath  the 
surface,  from  which  water  could  be  pumped  with  freedom  by  a  hand  pump. 
These  conditions  are  favorable  to  obtaining  water  freely  from  the  ground 
here  by  means  of  wells.  On  the  other  hand,  the  extent  of  the  meadow 
is  limited,  and  the  land  surrounding  it  contains  a  large  amount  of  ledge. 
With  these  conditions,  and  in  the  absence  of  a  suitable  pumping  test  from 
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wells  in  the  meadow,  it  is  not  practicable  to  advise  you  definitely  with 
regard  to  the  quantity  of  water  to  be  obtained  from  this  source. 

In  view  of  the  poor  quality  of  the  water  now  drawn  from  the  wells  in 
the  valley  of  Stacy's  Brook,  and  the  need  of  an  additional  water  supply, 
the  Board  regards  the  proposed  locality  as  a  suitable  place  in  which  to 
seek  an  additional  supply  of  water.  The  Board  would  advise,  however, 
that,  before  building  all  of  the  works  for  taking  a  supply  from  this  source, 
you  pat  in  the  necessary  wells  and  connect  them  to  a  temporary  pump,  and 
test  them  by  pumping  continuously  for  a  period  of  at  least  two  weeks,  dur- 
ing dry  weather,  in  order  to  obtain  more  definite  information  as  to  the 
probable  yield  of  the  wells  than  is  possible  at  present.  It  would  also  be 
well  to  have  samples  of  the  water  collected  at  various  times  during  the 
test,  to  determine  what  change,  if  any,  takes  place  in  its  quality. 

The  Board  will  assist  you  by  making  such  further  analyses  of  water  as 
may  be  necessary,  and  will  give  you  further  advice  with  reference  to  this 
matter,  if  you  desire,  when  you  have  additional  information  to  present. 

Another  application  was  received  from  this  company,  Oct.  24, 
1896,  after  trials  had  been  made  relative  to  the  capacity  of  the  pro- 
posed wells  for  supplying  water.  The  Board  replied  to  this  appli- 
cation as  follows :  — 

Boston,  Nov.  5, 1896. 

The  State  Board  of  Health  received  from  you,  on  October  24,  a  second 
application  with  reference  to  a  proposed  water  supply  to  be  taken  from  the 
ground  in  Thompson's  Meadow,  in  which  you  state  that  additional  wells 
have  been  driven  in  this  locality,  and  a  pumping  test  made  by  pumping 
from  the  wells  for  a  period  of  twelve  days  continuously,  except  for  short 
intermissions,  aggregating  in  all  about  one  and  a  half  hours,  at  a  rate  of 
nearly  200,000  gallons  per  day. 

Samples  of  water  collected  and  sent  in  by  you  during  this  test  have  been 
analyzed  by  the  Board,  with  the  result  that  the  quality  of  the  water  shows 
no  material  change  from  the  quality  of  samples  taken  from  test  wells  in 
August,  and  in  its  present  state  is  excellent  for  the  purposes  of  a  public 
water  supply. 

With  regard  to  the  quantity  of  water  to  be  derived  from  wells  in  this 
locality,  the  tests  thus  far  made  are  not  conclusive ;  but,  considering  the 
character  of  the  land  about  the  meadow  and  of  the  meadow  itself,  it  seems 
to  be  very  doubtful  whether  this  source  can  be  depended  upon  to  furnish 
enough  water  for  the  needs  of  Swampscott  and  Nahant  at  all  times.  Tak- 
ing into  account,  however,  the  favorable  results  of  the  tests  thus  far  made 
as  to  the  quality  of  the  water,  the  comparative  economy  of  this  source  on 
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account  of  its  nearness  to  the  present  distributing  system,  as  compared 
with  any  other  source  from  which  it  is  at  all  probable  that  a  satisfactory 
supply  can  be  obtained,  and  the  desirability  of  avoiding,  so  far  as  possible, 
the  use  of  water  from  your  present  wells  in  the  vicinity  of  Stacy's  Brook, 
the  Board  is  of  the  opinion  that  this  source  is  a  proper  one  from  which  to 
take  water  for  Swampscott  and  Nahant,  at  the  present  time. 

In  locating  works  for  collecting  ground  water,  it  is  desirable  that  they 
be  extended  through  the  meadow  sufficiently  to  secure  as  great  a  quantity 
of  water  as  possible  from  the  ground.  If,  upon  actual  trial,  it  shall  be 
found  that  the  yield  of  this  source  is  likely  to  be  too  small  for  the  towns  of 
Swampscott  and  Nahant  at  all  times,  it  is  very  desirable  that  you  continue 
your  investigations,  with  the  object  of  securing  a  permanent  supply  of 
water  of  good  quality  and  in  sufficient  quantity  to  make  it  possible  to  dis- 
continue the  use  of  water  from  your  present  wells,  which  are  not  satis- 
factory for  a  domestic  water  supply,  being  located  in  territory  containing 
a  large  and  rapidly  growing  population,  and  a  portion  of  them  being 
apparently  affected  to  a  considerable  degree  by  the  presence  of  sea  water. 

UxBRiDGE.  The  selectmen  and  board  of  health  of  Uxbridge, 
acting  conjointly,  applied  to  the  State  Board  of  Health,  April  28, 
1896,  for  its  advice  relative  to  the  quality  of  the  water  of  a  well  in 
that  town,  proposed  as  an  auxiliary  source  of  public  water  supply 
for  the  town.     The  Board  replied  to  this  application  as  follows  :  — 

Boston,  July  3,  1896« 

The  State  Board  of  Health  has  carefully  considered  your  application  of 
April  28,  1896,  for  advice  with  reference  to  the  quality  of  the  water  of  a 
well  in  the  Capron  mill  yai-d,  which  it  is  understood  you  propose  to  use  as 
an  auxiliary  source  of  water  supply  for  Uxbridge. 

The  Board  has  caused  an  analysis  of  a  sample  of  water  from  this  well  to 
be  made,  recently,  and,  taking  the  results  of  this  analysis  in  connection 
with  the  results  of  analyses  made  in  previous  years,  it  is  found  that  the 
water  varies  greatly  in  character  from  time  to  time. 

Under  the  most  favorable  conditions,  when  little  or  no  water  has  been 
drawn  from  the  well  for  a  long  time,  the  quality  of  the  water  is  not  objec- 
tionable for  the  purposes  of  a  public  water  supply. 

All  the  analyses  show  that  the  water  had  previously  been  polluted  and 
subsequently  purified  in  a  large  degree  in  its  passage  through  the  ground  to 
the  well,  but  some  of  the  analyses  show  the  presence  of  a  very  large 
amount  of  free  ammonia  in  the  water,  indicating  that  at  such  times  the 
water  entering  the  well  is  not  thoroughly  purified. 

There  is  reason  to  expect,  therefore,  that,  if  water  is  pumped  from  this 
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source  in  such  quantity  as  would  probably  be  necessary  for  the  supply  of 
the  town,  imperfectly  purified  water  from  the  sewage-polluted  sources  in 
the  vicinity  may  enter  the  wells,  and  under  the  circumstances  the  Boaid 
does  not  consider  this  well  a  safe  source  of  domestic  water  supply. 


Ware.  The  water  commissioners  of  Ware  applied  to  the  Board, 
May  27,  1896,  for  its  advice  relative  to  the  quality  of  the  public 
water  supply,  in  consequence  of  the  appearance  at  times  of  a  con- 
siderable amount  of  organic  matter  in  the  water.  The  Board  re- 
plied to  this  application  as  follows  :  — 

Boston,  July  3, 1896. 

The  State  Board  of  Health  has  considered  your  application  for  advice 
with  reference  to  the  quality  of  the  water  of  your  present  water  supply, 
and  has  caused  an  examination  of  your  works  to  be  made,  and  samples  of 
the  water  to  be  analyzed. 

The  analyses  show  that  the  water  as  it  comes  from  the  ground  is  color- 
less and  free  from  taste  and  odor,  and  contains  only  an  insignificant  amount 
of  organic  matter.  The  water  of  your  distributing  reservoir,  on  the  other 
hand,  contains  at  times  a  large  amount  of  organic  matter,  and  microscopi- 
cal analyses  show  that  it  contains  large  numbers  of  organisms  which  impart 
to  the  water  a  disagreeable  taste  and  odor.  Complaints  as  to  the  character 
of  the  water  supplied  to  consumers  are  doubtless  due  to  the  deterioration 
of  the  water  stored  in  your  distributing  reservoir,  and  the  annoyance 
caused  by  the  presence  of  minute  organisms  in  this  water.  The  sample  of 
material  collected  from  a  faucet  and  sent  in  by  you  was  probably  composed 
of  some  of  the  larger  organisms  which  are  developed  in  the  distributing 
reservoir. 

The  remedy  for  the  trouble  with  the  water  is  to  keep  it  from  exposure  to 
light  from  the  time  it  is  drawn  from  the  ground  until  it  is  delivered  to  the 
consumers.  To  accomplish  this,  it  will  be  necessary  to  cover  the  present 
distributing  reservoir  or  build  a  new  covered  reservoir  or  tank. 

There  is  no  reason  to  think  that,  if  the  quality  of  the  water  of  your 
present  sources  remains  as  good  as  at  present,  it  will  support  any  growth 
that  will  cause  the  water  to  deteriorate  if  kept  entirely  from  exposure  to 
light. 

Wellesley.  The  water  supply  committee  of  Wellesley  applied 
to  the  Board,  May  15,  1896,  for  advice  relative  to  certain  plans 
proposed  by  the  committee  for  increasing  its  water  supply  and  pro- 
tecting the  present  sources  from  pollution.  The  Board  replied  as 
follows :  — 
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Boston,  Jane  4,  1896. 
The  State  Board  of  Health  received  from  you  on  May  15  an  application 
for  advice  with  reference  to  increasing  the  water  supply  of  the  town  and 
protecting  the  purity  of  the  present  supply.     You  request,  in  particular, 
advice  with  reference  to  the  following  matters :  — 

1.  The  curtailment  of  waste. 

2.  The  construction  of  a  number  of  low  dams  to  hold  back  the  water  of 

Rosemary  Brook,  with  the  hope  of  increasing  the  yield  of  the 
present  sources  by  filtration  from  the  brook  into  the  well  and 
filter  gallery. 

3.  The  taking  of  water  directly  from  Rosemary  Brook  as  an  additional 

supply. 

4.  The  construction  of  a  filter  gallery  or  system  of  tubular  wells  in  the 

valley  of  Rosemary  Brook,  west  of  Cedar  Street  and  north  of 
Worcester  Street,  above  your  present  works. 

5.  The  necessity  of  preventing  the  pollution  of  Rosemary  Brook  and 

its  tributaries. 

6.  The  removal  of  a  small  factory  and  buildings  south  of  the  driveway 

from  Cedar  Street  to  the  pumping  station. 

7.  The  purchase  of  land  south  of  the  pumping  station. 

In  connection  with  the  question  of  constructing  a  filter  gallery  or  system 
of  tubular  wells  in  the  valley  of  Rosemary  Brook,  above  your  present  works, 
you  submit  a  plan  showing  the  location  of  test  wells,  and  samples  of  the 
Boil  from  these  wells  collected  in  1892. 

With  reference  to  the  first  question,  —  the  curtailment  of  waste,  —  the 
Board  is  informed  that,  notwithstanding  the  fact  that  water  is  generally 
supplied  through  meters  to  consumers  in  the  town,  only  about  fifty  per 
cent,  of  the  water  pumped  is  accounted  for.  The  consumption  of  water 
per  inhabitant  in  Wellesley  in  1895  amounted  to  42  gallons,  which  is  not 
excessive,  as  compared  with  the  consumption  in  other  towns  similarly  situ- 
ated. If,  however,  the  consumption  of  water,  as  shown  by  your  pumping 
records,  could  be  reduced  one-half,  there  would  be  a  saving  in  the  cost  of 
pumping,  and  the  necessity  for  an  additional  supply  might  not  appear  for 
a  time.  It  is,  therefore,  desirable  that  an  investigation  be  made,  to  deter- 
mine whether  a  large  quantity  of  water  is  lost  by  leakage  or  otherwise,  and 
whether  this  loss  can  be  prevented. 

Judging  from  your  experience  last  year,  when  dams  were  constructed 
upon  Rosemary  Brook,  in  the  vicinity  of  your  present  sources,  it  appears 
that  a  considerable  increase  in  the  quantity  of  water  entering  the  well  and 
filter  gallery  was  obtained  by  the  construction  of  these  dams.  It  is  prob- 
able also  that  in  previous  years,  before  the  construction  of  these  dams,  a 
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portion  of  the  water  entering  your  present  sources  was  derived  by  filtration 
from  the  brook.  Analyses  of  samples  of  the  water  of  the  well  and  filter 
gallery  have  been  made  from  time  to  time  by  the  State  Board  of  Health, 
and  its  quality  has  apparently  always  been  satisfactory.  The  well  and 
filter  gallery,  however,  are  both  situated  close  to  the  brook,  and  the  chief 
danger  from  increasing  the  quantity  filtering  from  the  brook  is  that  some 
of  the  water  may  pass  too  directly  through  the  ground  into  the  filter  gallery 
or  well,  and  not  become  satisfactorily  purified  in  its  passage.  In  some 
cases  water  taken  from  sources  situated  as  yours  are  has  continued  to  be 
satisfactory  for  many  years,  while  in  others,  after  a  longer  or  shorter  period 
of  use,  the  quality  of  the  water  has  deteriorated,  owing  to  the  imperfect 
filtration  of  the  water  from  the  stream  or  pond  near  by.  Increasing  the 
height  of  the  water  in  Rosemary  Brook  by  means  of  dams  will  tend  to 
cause  the  water  to  filter  more  rapidly  through  the  ground,  thereby  produc- 
ing conditions  more  favorable  to  imperfect  filtration. 

With  reference  to  the  use  of  water  taken  directly  from  Rosemary  Brook 
for  the  supply  of  the  town,  and  the  necessity  of  preventing  the  pollution  of 
Rosemary  Brook  and  its  tributaries,  the  Board  has  caused  an  examination 
of  this  brook  to  be  made  by  one  of  its  engineers,  and  finds  that  it  is  ex- 
posed to  direct  sewage  ix>llution  from  factories  and  dwelling-houses  on  its 
banks,  and  to  pollution  from  farms  and  cultivated  lauds  upon  its  water- 
shed, and  is,  therefore,  a  dangerous  source  from  which  to  take  water 
directly  for  domestic  purposes,  and  such  water  should  not  be  distributed 
to  your  people.  The  watershed  of  the  brook  drains  a  part  of  the  villages 
of  Needham  and  Highlandville,  and  the  population  upon  it  is  likely  to 
increase  rapidly  in  the  future,  so  that  it  would  not  be  possible,  without 
excessive  care,  to  prevent  the  pollution  of  the  stream.  Nevertheless,  in 
view  of  the  nearness  of  your  present  well  and  filter  gallery  to  the  brook,  it 
is  desirable  that  it  be  kept  free  from  pollution,  as  far  as  is  practicable. 

An  examination  of  the  results  obtained  from  test  wells  driven  in  the 
valley  of  Rosemary  Brook,  west  of  Cedar  Street,  and  north  of  Worcester 
Street,  in  1892,  does  not  indicate  that  the  conditions  are  favorable  to 
obtaining  a  large  amount  of  water  from  the  ground  there.  South  of  Wor- 
cester Street  the  results  of  investigations  were  more  favorable,  judging 
from  the  samples  of  material  submitted.  The  tests  appear  to  have  been 
confined  to  the  vicinity  of  the  north-westerly  shore  of  Longfellow's  Pond, 
and  it  is  possible  that  better  conditions  could  be  found  near  the  upper  end 
of  the  pond  and  in  the  valley  of  the  brook  above,  where  the  character  of 
the  surface  indicates  that  the  soil  may  be  more  porous. 

The  information  available  to  the  Board  is  not  sufficient  to  enable  it  to 
advise  you  definitely  at  present  with  reference  to  the  best  method  of  in- 
creasing the  water  supply  of  Wellesley.     The  town  is  growing  rapidly,  and 
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in  the  selection  of  an  additional  water  supply  provision  should  be  made  for 
a  large  increase  in  the  consumption  of  water  in  the  future.  The  examina- 
tions thus  far  made  in  the  valley  of  Rosemary  Brook,  above  your  present 
sources  of  supply,  by  means  of  test  wells,  have  been  unfavorable  to 
obtaining  a  large  increase  in  your  present  supply  here;  but,  as  already 
stated,  the  conditions  appear,  from  surface  indications,  to  be  somewhat 
more  favorable  farther  up  the  valley,  and  it  is  possible  that  a  large  addition 
to  your  present  supply  can  be  obtained  in  this  region. 

It  is  to  be  considered,  however,  that  the  population  in  the  valley  of  Rose- 
mary Brook  is  already  large,  and  may  increase  rapidly  in  the  future,  owing 
to  its  nearness  to  the  metropolitan  district ;  and,  before  deciding  upon  a 
plan  for  increasing  the  water  supply  of  Wellesley  by  the  construction  of 
further  works  in  this  valley,  the  question  of  the  feasibility  of  obtaining  a 
supply  of  water  for  domestic  purposes  here  that  can  be  maintained  in  a 
satisfactory  condition  for  a  reasonable  time  in  the  future,  without  excessive 
cost,  should  be  carefully  considered.  It  is  also  very  important,  before 
deciding  definitely  as  to  a  source  of  additional  water  supply,  that  you 
determine  the  feasibility  and  probable  cost  of  obtaining  a  supply  from,  or 
in  connection  with,  the  metropolitan  district. 

The  presence  of  a  small  factory  and  other  buildings  between  Cedar 
Street  and  the  wells  south  of  the  driveway  from  Cedar  Street  to  the 
pumping  station  does  not  appear  to  be,  under  present  conditions,  a  serious 
menace  to  the  quality  of  your  water ;  and  the  removal  of  these  buildings 
is  not  essential,  if  means  are  taken  to  prevent  sewage  from  polluting  the 
stream  or  from  getting  into  the  ground,  and  so  passing  to  the  filter  gallery 
or  well. 

With  reference  to  the  advisability  of  purchasing  any  of  the  land  lying 
east  of  Cedar  Street,  south  of  the  pumping  station,  it  may  be  said  that,  if 
water  from  this  territory  finds  its  way  into  your  present  sources  of  supply, 
it  is  desirable  that  the  land  be  owned  and  controlled  by  the  town.  It  is  not 
feasible  to  determine  how  much  of  this  land  it  is  desimble  for  the  town  to 
control,  except  by  experiment. 

In  conclusion,  the  Board  would  advise  that  you  have  the  whole  subject 
of  your  present  and  future  water  supply  thoroughly  examined  by  a  compe- 
tent engineer,  to  determine  what  measures  are  necessary  to  protect  the 
purity  of  your  present  sources  of  supply,  and  the  most  appropriate  source 
from  which  to  take  an  additional  supply. 

The  Board  will,  upon  application,  advise  you  further  in  this  matter  when 
you  have  the  results  of  further  investigations  to  present. 

Williamsburg.  The  selectmen  of  Williamsburg  applied  to  the 
Board,  Feb.  11,  1896,  for  its  advice  relative  to  a  water  supply  for 
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the  town  to  be  taken  from  the  East  Branch  of  Mill  River.     The 
Board  replied  to  this  application  as  follows  :  — 

Boston,  Oct.  1,  1896. 
The  State  Board  of  Health  has  carefully  considered  your  application 
with  reference  to  a  proposed  water  supply  for  Williamsburg,  to  be  taken 
from  the  East  Branch  of  the  Mill  River,  upon  which  it  is  proposed  to  con- 
struct a  small  reservoir  above  the  village,  and  has  caused  an  examination 
of  the  proposed  source  to  be  made  by  one  of  its  engineers,  and  samples  of 
the  water  to  be  analyzed. 

About  three-fourths  of  a  mile  up  stream  from  the  place  where  it  is  pro- 
posed to  locate  the  reservoir  the  East  Branch  is  joined  by  Bradford  Brook, 
and  at  the  point  of  junction  the  two  streams  have  nearly  equal  watersheds. 
These  streams  will  furnish  by  far  the  greater  portion  of  the  water  which 
will  enter  the  proposed  reservoir,  and  samples  from  each  of  them,  collected 
at  different  seasons  of  the  year,  have  been  analyzed  with  a  view  to  com- 
paring the  quality  of  the  water. 

The  water  of  the  East  Branch  above  the  Bradford  Brook  is  soft,  has  very 
little  color,  and  contains  a  small  amount  of  organic  matter  for  a  surface 
water.  The  water  of  Bradford  Brook,  on  the  other  hand,  is  harder,  and  has 
at  times  considerable  color,  and  contains  a  greater  amount  of  oi^anic  matter. 
The  quality  of  the  water  of  the  proposed  reservoir  would  be  somewhat 
better  than  the  Bradford  Brook  water,  but  not  so  good  as  the  water  of  the 
East  Branch,  above  Bradford  Brook. 

The  watershed  above  the  proposed  reservoir  contains  a  considerable 
number  of  farmhouses,  though  the  population  per  square  mile  is  small. 
Several  of  the  buildings  are  located  near  the  streams,  particularly  in  the 
Bradford  Brook  watershed,  and  provision  will  have  to  be  made  to  prevent 
sewage  from  these  houses  entering  the  streams  and  polluting  the  water 
supplied  to  the  town.  In  the  watershed  of  the  East  Branch,  above  Brad- 
ford Brook,  the  houses  are  more  remote  from  the  stream  than  in  the 
Bradford  Brook  watershed,  and  the  population  per  square  mile  is  consid- 
erably smaller. 

Considering  all  the  circumstances,  therefore,  a  more  satisfactory  supply 
for  the  town  could  be  obtained  by  taking  water  from  the  East  Branch, 
above  the  Bradford  Brook,  than  at  the  point  proposed. 

With  regard  to  the  quantity  of  water  that  would  be  furnished  by  the 
East  Branch,  below  Bradford  Brook,  it  may  be  said  that  the  indications  are 
that  the  quantity  would  be  ample  at  all  times  for  the  supply  of  Williams- 
burg. It  is  also  probable  that  an  ample  supply  would  be  obtained  by 
taking  water  from  the  East  Branch,  above  the  Bradford  Brook ;  and,  in  case 
an  additional  supply  should  be  needed  at  any  time,  provision  might  be 
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made  for  drawing  water  from  Bradford  Brook  in  emergencies.  The  cost 
of  taking  a  supply  from  the  East  Branch,  above  the  junction  of  Bradford 
Brook,  would  probably  be  somewhat  greater  than  at  the  place  proposed  in 
the  application ;  but,  in  view  of  the  better  quality  of  the  water,  and  the 
less  number  of  dwellings  and  their  distance  from  the  stream,  the  Board 
would  advise  the  town  to  take  its  supply  from  the  East  Branch,  above 
Bradfoi*d  Brook,  rather  than  at  the  point  proposed. 

WoBURN.  The  water  commissioners  of  Woburn  applied  to  the 
Board,  April  30,  1896,  for  its  advice  in  regard  to  the  existence  of 
a  disagreeable  taste  and  odor  in  the  public  water  supply.  The 
Board  replied  to  the  application  as  follows :  — 

Boston,  June  6,  1896. 

The  State  Board  of  Health  has  considered  your  application  for  advice 
with  reference  to  a  disagreeable  taste  and  odor  in  the  water  supply  of  the 
city,  and  has  caused  an  examination  of  your  distributing  reservoir  to  be 
made,  both  when  the  reservoir  was  full  and  after  the  water  had  been  com- 
pletely drawn  off. 

Frequent  chemical  analyses  of  the  water  of  your  filter  gallery  for  several 
years  hiwe  shown  that  the  water  is  colorless  and  free  from  taste  and  odor, 
and  contains  very  little  organic  matter,  while  microscopical  examinations 
show  that  the  water  is  practically  free  from  vegetable  or  animal  organisms. 
Examinations  of  the  water  of  the  distributing  reservoir,  on  the  other  hand, 
have  shown  that  the  water  contains  at  times  a  large  amount  of  organic 
matter,  and  often  large  numbei-s  of  vegetable  organisms  which  impart  to 
the  water  a  disagreeable  taste  and  odor. 

These  organisms  may  grow  as  abundantly  and  affect  the  quality  of  the 
water  as  seriously  in  the  colder  months  of  the  year  as  in  the  warmer 
months.  There  is  no  doubt  that  the  disagreeable  taste  and  odor  com- 
plained of  in  the  water  supply  of  the  city  of  Woburn  is  due  to  the  pres- 
ence of  these  organisms  in  the  distributing  resei-voir. 

It  has  been  well  known  for  many  years  that  a  ground  water  deteriorates 
on  exposure  to  light  in  an  open  reservoir,  such  as  that  in  use  at  Woburn, 
and  experience  has  clearly  shown  that  the  remedy  for  this  trouble  is  to 
keep  the  water  from  exposure  to  light  from  the  time  it  comes  from  the 
ground  until  it  reaches  the  consumer.  To  accomplish  this  in  the  case  of 
the  Woburn  water  works,  it  will  be  necessary  either  to  cover  the  present 
distributing  reservoir  or  to  build  a  new  covered  reseiToir  or  tank,  which 
may  be  of  comparatively  small  capacity  and  suflflcient  only  for  oixiinary 
purposes,  if  the  present  resen'oir  is  kept  for  use  in  emergencies. 

There  is  no  reason  to  think  that,  if  the  quality  of  the  water  of  your 
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present  filter  gallery  remains  as  good  as  at  present,  it  will  support  any 
growth  that  will  cause  it  to  deteriorate,  if  kept  entirely  from  exposure  to 
light. 

Sewerage  and  Sewage  Disposal, 

The  following  is  the  substance  of  the  action  of  the  Board  during 
1896,  in  reply  to  applications  for  advice  relative  to  sewerage  and 
sewage  disposal :  — 

Agawam.  The  selectmen  of  Agawam  applied  to  the  Board, 
June  10,  1896,  for  its  advice  relative  to  the  disposal  of  sewage 
from  a  proposed  sewer  for  the  village  of  Mittineague,  into  the 
Westfield  River.  The  Board  replied  to  this  application  as 
follows :  — 

Boston,  July  3,  1896, 

The  State  Board  of  Health  received  from  you,  on  June  8,  an  application 
for  advice  with  reference  to  the  disposal  of  the  sewage  of  a  portion  of  the 
village  of  Mittineague,  situated  in  the  northerly  part  of  Agawam,  by  dis- 
charging it  without  treatment  into  the  Westfield  River.  The  application 
was  accompanied  by  a  plan  showing  three  possible  outlets  of  the  proposed 
sewer,  two  of  which  are  into  the  tail-race  leading  from  the  Worthy  Paper 
Company,  and  a  third  into  the  Westfield  River,  about  100  feet  below  the 
outlet  of  the  tail-race. 

The  Board  has  carefully  considered  your  application,  and  has  caused  an 
examination  of  the  locality  to  be  made  by  one  of  its  engineers,  and  con- 
cludes that  the  disposal  of  the  sewage  of  this  village  by  discharging  it 
untreated  into  the  Westfield  River  is  permissible  for  the  present. 

The  sewage  should  not  be  discharged  into  the  tail-mce,  because  at  times 
when  the  mill  is  not  running  there  is  no  flow  of  water  in  the  tail-race,  and 
the  discharge  of  sewage  into  it  would,  under  these  conditions,  cause  a 
nuisance. 

In  discharging  the  sewage  into  the  river,  the  Board  advises  that  the  out- 
let of  the  sewer  be  carried  well  out  into  the  stream,  so  that  floating  mattera 
from  the  sewage  may  not  lodge  on  the  shore  in  the  vicinity  of  the  outlet. 

Attleborough.  a  communication  was  received  from  the  Board 
of  Health  of  Attleborough,  Aug.  29,  1896,  stating  that  they  had 
received  a  petition  from  citizens  of  Attleborough,  remonstrating 
against  the  discharge  of  sewage  from  that  town  into  Ten  Mile 
River,  at  the    same    time  requesting  the  Board  **to  examine  the 
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locality,  and  offer  suggestions  as  to  a  remedy."     The  Board  replied 
to  this  letter  as  follows  :  — 

Boston,  Oct.  1,  1896. 

The  Board  has  caused  an  examination  of  the  locality  to  be  made  by  one 
of  its  engineers,  and  finds  that  the  sewer  in  question  discharges  into  the 
river  just  below  the  bridge  at  County  Street,  and  that  there  is  another 
sewer  from  Attleborough,  discharging  into  the  river  about  4,000  feet 
further  down  stream.  The  lower  sewer  outlet  is  located  just  above  the 
Dodgeville  mill  pond,  which  is  said  to  give  off  very  offensive  odors  at  times. 
There  are  several  other  mill  ponds  upon  the  stream  below. 

From  information  furnished  by  you,  it  is  learned  that  these  sewers  were 
originally  constructed  for  surface  drainage  only,  and  you  estimate  that  the 
sewage  from  about  3,500  people  is  now  disposed  of  by  discharging  it 
directly  into  the  river  through  these  sewers.  The  Board  is  also  informed 
that  large  quantities  of  ice  are  harvested  from  the  mill  pond  below  the 
sewer  outlets,  and  that  the  river  is  used  as  a  direct  source  of  water  supply 
by  the  town  of  P^ast  Pro\idence,  in  Rhode  Island,  situated  a  little  less  than 
ten  miles  below  Attleborough. 

The  discharge  of  sewage  from  3,500  people  into  a  stream  of  the  size  of 
the  Ten  Mile  River  would  inevitably  produce  a  nuisance,  and  the  condition 
of  the  mill  pond  below  the  sewer  outlets  will  grow  rapidly  worse,  owing  to 
the  decomposition  of  organic  matter  deposited  from  the  sewage  upon  the 
bottom  and  sides  of  the  pond.  Extending  the  sewers  to  a  point  of  dis- 
charge further  down  the  stream  would  simply  transfer  the  nuisance  to 
another  locality.  The  only  way  by  which  the  nuisance  can  be  avoided  is 
by  discontinuing  the  discharge  of  unpurified  sewage  into  the  river.  The 
disposal  of  sewage  by  the  present  method  is  not  only  a  nuisance  to  the  in- 
habitants of  Attleborough,  but  is  contrary  to  existing  laws,  and  is  a  source 
of  great  danger  to  those  using  ice  and  water  from  the  river  below  Attle- 
borough. 

Under  the  circumstances,  the  Board  considers  it  very  important  that 
a  proper  method  of  sewage  disposal  be  adopted,  and  put  in  practice 
without  delay.  The  Board  is  prepared  to  assist  you  in  this  matter,  if 
you  desire,  by  advising  you  with  reference  to  any  plans  that  you  may 
wish  to  submit  to  it  providing  for  the  disposal  of  the  sewage  of  Attle- 
borough. 

Brockton.  The  mayor  of  Brockton  applied  to  the  Board,  Sept. 
22,  1896,  for  its  advice  relative  to  plans  for  the  drainage  of  two 
small  districts  in  Brockton.  The  Board  replied  to  this  application 
as  follows :  — 
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Boston,  Sept.  24, 1896. 

The  State  Board  of  Health  has  carefully  considered  the  plans  presented 
by  yon  for  the  approval  of  this  Board,  under  the  provisions  of  chapter  309 
of  the  Acts  of  1889,  providing  for  the  draini^e  of  two  small  disti-icts  in 
the  city  of  Brockton,  —  one  known  as  the  Weston  Street  district  and  the 
other  as  the  Battles  Street  district,  —  and  hereby  approves  the  plans  for 
the  said  drainage  systems.  . 

A 

Brockton.  The  city  engineer  of  Brockton  applied  to  the  Board, 
Sept.  14,  1896,  requesting  the  opinion  of  the  Board  relative  to  the 
propriety  of  fertilizing  the  growing  crops  upon  its  sewage  disposal 
areas  **  with  frequent  doses  of  sewage."  To  this  application  the 
Board  replied  as  follows  :  — 

Boston,  Oct.  2, 1896. 
In  reply  to  your  letter  of  September  14,  asking  the  opinion  of  this 
Board  as  to  the  propriety  of  using  the  growing  crops  on  your  sewage 
fields  as  food  for  human  beings,  the  Board  instructs  me  to  say  that  in  its 
opinion  no  harm  can  arise  from  the  use  of  such  vegetables  as  are  cooked 
before  being  used,  and  such  grain  and  other  products  used  for  food  which 
cannot  come  in  actual  contact  with  sewage. 

Daxvers.  The  board  of  health  of  Dan  vers  applied  to  the  State 
Board,  Feb.  7,  1896,  for  its  advice  relative  to  the  disposal  of  the 
sewage  of  certain  morocco  shops  in  that  town.  The  Board  replied 
to  this  application  as  follows  :  — 

Boston,  July  22,  1896. 

The  State  Board  of  Health  received  from  you  on  Feb.  7, 1896,  an  appli- 
cation for  advice  with  reference  to  the  disposal  of  the  manufacturing 
sewage  from  the  morocco  shops  or  tanneries  in  Danvers  which  is  now 
discharged  into  Crane's  River,  in  which  you  state  that  you  have  under 
cdbsideration  a  plan  providing  for  the  discharge  of  the  sewage  into  two 
large  settling  tanks,  through  which  you  propose  to  cause  the  sewage  to 
flow  slowly,  thereby  allowing  the  heavier  matters  to  settle,  and  to  discharge 
the  effluent  into  the  stream ;  and  you  request  advice  as  to  whether,  by  this 
method,  if  the  tanks  are  frequently  cleaned  out,  the  difficulty  of  the  pres- 
ent system  of  disposal. would  not  be  largely  overcome. 

Since  the  application  was  received  the  Board  has  been  investigating  the 
character  of  this  sewage,  and  conducting  experiments  with  a  view  to  sug- 
gesting a  piacticable  method  of  disposing  of  it  in  such  a  manner  as  to 
prevent  farther  objectionable  pollution  of  the  stream  and  mill  pond.  While 
these  investigations  have  not  yet  been  carried  far  enough  to  enable  the 
Board  to  advise  you  definitely  as  to  a  method  of  finally  disposing  of  sewage 
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of  this  character,  the  results  thus  far  obtained  indicate  that  it  will  probably 
be  feasible  to  dispose  of  it  by  some  method  of  filtration  after  the  greater 
portion  of  the  suspended  matter  has  been  removed.  It  has  been  found,  in 
the  course  of  the  investigations,  tbat  much  of  the  suspended  matter  in  the 
sewage  settles  out  readily  upon  allowing  it  to  remain  practically  undis- 
turbed, and  experiments  at  the  factory  indicate  that  somewhat  more  than 
half  of  the  putrescible  organic  matter  can  be  removed  from  the  sewage  by 
allowing  it  to  stand  for  a  period  of  about  two  hours. 

In  view  of  the  desirability  of  keeping  as  much  organic  matter  as  possi- 
ble out  of  the  stream,  and  of  the  probable  necessity  for  the  use  of  settling 
tanks  in  connection  with  any  method  of  disi)osal  that  is  likely  to  be 
adopted,  the  Board  advises,  as  the  first  step  in  overcoming  the  objection- 
able condition,  that  you  construct  settling  tanks  of  sufficient  capacity  to 
allow  the  sewage  to  settle  for  a  period  of  two  hours,  if  it  shall  be  found 
upon  examination  that  the  tanks  can  be  operated  satisfactorily  by  gravity. 

Investigations  as  to  the  quantity  of  sewage  discharged  from  the  tanner- 
ies and  the  rate  of  flow  indicate  that  the  rate  is  quite  regular,  and  that  the 
quantity  averages  about  20,000  gallons  per  hour  during  working  houra. 
In  order  to  allow  this  quantity  of  sewage  to  settle  for  a  period  of  approxi- 
mately two  hours,  settling  tanks  having  a  larger  capacity  than  those  pro- 
posed by  you  will  be  necessary. 

In  order  to  obtain  the  full  benefit  that  may  be  derived  from  the  use  of 
settling  tanks,  it  is  essential  that  all  of  the  sewage  now  discharged  into  the 
brook  be  collected  and  conveyed  to  the  tanks,  and  that  the  tanks  be 
cleaned  out  frequently.  Once  in  two  days  may  be  often  enough,  though 
it  may  become  necessary  to  clean  them  out  daily,  so  that  their  capacity 
may  not  be  greatly  reduced,  and  the  length  of  time  allowed  for  sedimenta- 
tion materially  shortened  by  allowing  the  sediment  to  accumulate  to  a 
considerable  depth  in  their  bottoms.  The  tanks,  therefore,  should  be  so 
located  and  arranged  that  the  supernatant  liquid  may  be  drawn  off  when 
necessary,  and  the  sludge  readily  removed  at  frequent  intervals.  The 
tanks  should  also  be  designed  with  a  view  to  the  [>ossible  necessity  of 
pumping  the  supernatant  liquid  to  a  place  of  disposal,  if  this  should  sub- 
sequently be  found  necessary. 

With  properly  designed  tanks,  operated  with  care,  a  very  large  portion 
of  the  suspended  matters  which  constitute  much  of  the  total  putrescible 
organic  matters  in  the  sewage  can  be  prevented  from  entering  the  pond. 

The  quantity  of  sludge  to  be  removed  will  be  large,  but  not  so  great  that 
it  cannot  be  removed  in  carts  without  special  difficulty.  The  so-called 
odorless  ciirts  may  be  best  adapted  to  the  purpose.  The  sludge  can  be 
disposed  of  upon  filter  beds  not  far  from  the  factory,  where  areas  well 
suited  lo  the  purpose  can  be  found. 
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The  Board  would  advise  that  the  work  of  designing  the  tanks  and  of 
preparing  the  areas  for  the  disposal  of  the  sludge  be  committed  to  an 
engineer  of  experience  in  matters  relating  to  sewage  disposal. 

An  examination  of  the  condition  of  the  mill  pond  and  the  character  of 
the  nuisance  caused  by  it  shows  that  the  bottom  and  sides  of  the  pond, 
especially  near  its  upper  end,  are  covered  with  organic  matter  from  the 
sewage,  and  at  times  when  these  areas  are  uncovered  the  odor  from  them 
is  very  offensive.  When  the  pond  is  full  and  these  areas  are  covered  with 
water,  it  appears  that  the  nuisance  is  much  less  serious. 

In  view  of  this  condition,  and  of  the  probability  that,  even  if  the  dis- 
charge of  sewage  into  the  pond  should  be  wholly  prevented  at  once,  there 
would  still,  for  a  considerable  time,  be  a  serious  odor  from  these  areas 
when  exposed,  the  Board  would  suggest  that  you  consider  the  feasibility 
of  obtaining  control  of  the  mill  privilege  at  the  outlet  of  the  pond,  and  of 
keeping  the  pond  full  at  all  times. 

The  Board  will  again  communicate  with  you  with  regard  to  this  matter 
when  the  results  of  further  investigations  now  being  made  are  available. 

Danvers  Lunatic  Hospital.  The  trustees  of  the  Danvers 
Lunatic  Hospital  applied  to  the  Board  for  its  advice,  Sept.  27, 
1895,  relative  to  a  plan  for  disposing  of  the  sewage  of  the  hospi- 
tal by  precipitation  with  chemicals,  followed  by  filtration  through 
a  small  area  of  coke.  This  application  was  withdrawn,  Oct.  2Sj 
1895,  and  afterward  resubmitted,  with  modified  plans.  The  Board 
replied  to  this  application  as  follows  :  — 

Boston,  May  7,  1896. 

The  State  Board  of  Health  has  considered  your  application  with  refer- 
ence to  a  proposed  system  of  purification  for  the  sewage  of  the  Danvers 
Lunatic  Hospital,  the  essential  features  of  which  are  a  precipitating  tank, 
in  which  it  is  proposed  to  precipitate  the  solid  matters  of  the  sewage  by  the 
application  of  chemicals,  and  a  filter  bed  composed  of  coke,  having  an 
area  of  about  a  quarter  of  an  acre  and  a  depth  of  three  feet,  through  which 
it  is  proposed  to  filter  the  sewage  after  it  passes  through  the  precipitating 
tanks. 

The  quantity  of  water  used  for  the  supply  of  the  hospital  is  from 
100,000  to  125,000  gallons  per  day,  and,  assuming  that  this  represents 
approximately  the  amount  of  sewage  to  be  disposed  of,  the  rate  of  filtra- 
tion through  the  coke  filter  would  be  about  500,000  gallons  per  acre  per 
day.  The  sewage  from  the  hospital  appears  to  be  quite  dilute,  judging 
from  the  results  of  an  analysis  made  by  the  Board,  and  if  tlie  usual  per- 
centage of  organic  matter  should  be  removed  by  chemical  precipitation,  it 
18  possible  that  for  a  time,  with  great  care  in  the  mauagemeut  of  the  filter. 
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a  lai^e  percentage  of  the  remainiDg  organic  matter  would  be  removed  from 
the  sewage  by  the  proposed  filter;  but  it  is  probable  that,  in  order  to 
purify  the  sewage  satisfactorily,  the  size  of  the  filter  would  have  to  be 
considerably  enlarged. 

The  disposal  of  the  sewage  of  the  hospital  by  this  plan  would  involve  a 
very  great  expense  both  for  construction  and  maintenance,  as  compared 
with  the  disposal  of  the  sewage  on  land  if  an  area  suitable  for  the  purpose 
can  be  found  within  a  reasonable  distance  of  the  hospital. 

With  a  view  to  learning  whether  there  is  any  such  land  in  the  vicinity  of 
the  hospital,  the  Board  has  caused  a  general  examination  of  this  territory 
to  be  made  by  one  of  its  engineers,  and  finds  that  there  is  a  considerable 
area  of  sandy  land,  situated  on  the  south-westerly  side  of  West  Street, 
between  the  street  and  the  Ipswich  River,  a  little  over  half  a  mile  from 
the  hospital  buildings,  portions  of  which  appear  to  be  well  adapted  for  the 
purification  of  sewage  by  intermittent  filtration ;  moreover,  the  situation  of 
this  area  is  such  that  sewage  can  probably  be  conveyed  to  it  by  gravity  at 
a  small  expense  from  your  present  sewage  carriers,  which  are  at  present 
laid  to  within  about  1,000  feet  of  this  area. 

In  view  of  all  the  circumstances,  the  Board  would  advise  that  you  have 
an  investigation  made,  to  determine  the  feasibility  of  disposing  of  the 
sewage  of  the  institution  upon  this  area  by  intermittent  filtration ;  and  the 
Board  will,  upon  application,  advise  you  further  with  regard  to  this  matter 
when  you  have  the  results  of  further  investigations  to  present. 

Metropolitan  Sewerage  Commission.  An  application  was  re- 
ceived from  the  Metropolitan  Sewerage  Commission,  Oct.  9,  1895, 
under  the  provisions  of  chapter  406  of  the  Acts  of  1895,  for  the 
approval  of  the  Board  of  a  system  of  sewage  disposal  for  a  district 
lying  partly  in  the  city  of  Boston  and  the  towns  of  Milton,  Hyde 
Park  and  Dedham,  in  the  valley  of  the  Neponset  River,  and  for 
a  portion  of  Newton  and  the  town  of  Brookline  lying  in  the 
valley  of  the  Charles  River.  The  Board  replied  to  this  application 
as  follows :  — 

Boston,  Feb.  18, 1896. 
The  State  Board  of  Health  has  considered  your  application  with  refer- 
ence to  a  proposed  system  of  sewage  disposal  for  that  portion  of  the  city 
of  Boston  and  the  towns  of  Milton,  Hyde  Park  and  Dedham  lying  within 
the  valley  of  the  Neponset  River,  and  portions  of  the  city  of  Newton  and 
the  town  of  Brookline  lying  within  the  valley  of  the  Charles  River.  The 
application  is  accompanied  by  a  plan  and  profiles  and  a  report  of  your 
engineer,  giving  details  of  the  proposed  scheme  approved  and  adopted  by 
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your  Board,  in  accordance  with  a  provision  of  chapter  406  of  the  Acts 
of  1895. 

The  plan  provides  for  a  main  sewer  from  a  point  on  TVorley  Street,  near 
Weld  Street,  in  the  West  Roxbury  district  of  the  city  of  Boston,  through 
various  streets  and  private  lands  to  the  bank  of  the  Charles  River,  a  short 
distance  above  the  Brookline  water  works  pumping  station ;  thence  in  the 
vicinity  of  the  right  bank  of  the  Charles  River  and  along  the  left  bank  of 
Mother  Brook  and  the  Neponset  River  to  the  Dorchester  intercepting  sewer 
of  the  city  of  Boston  at  Central  Avenue  in  Dorchester.  The  capacity  of 
the  latter  sewer  is  limited  by  a  section  below  Baker's  Court  in  Dorchester, 
which  has  a  capacity  of  only  about  20  cubic  feet  per  second ;  and  it  is 
estimated  that  the  capacity  of  this  sewer,  if  the  sewage  of  the  Neponset 
valley  is  dischai'ged  into  it,  will  be  attained  about  the  year  1905.  To  pro- 
vide for  the  disposal  of  the  sewage  after  this  date  two  methods  are  sug- 
gested, by  either  of  which  the  sewage  in  the  Neponset  intercepting  sewer 
would  be  diverted  at  a  point  on  River  Street,  Hyde  Park,  about  500  feet 
below  the  Mattapan  paper  mill,  and  conveyed  by  gravity  either  to  the 
Boston  main  drainage  sewer  at  Squantum  or  an  independent  outlet  at  Nut 
Island  in  Quincy.  With  this  end  in  view,  the  Neponset  intercepting  sewer 
has  been  designed  with  a  capacity  above  the  point  of  diversion  estimated 
to  be  sufficient  for  the  probable  needs  of  the  valley  until  1930,  while  below 
this  point  the  capacity  is  proportioned  to  that  of  the  limiting  section  of  the 
Dorchester  intercepting  sewer,  estimated  to  be  sufficient  until  1905. 

In  designing  the  Boston  main  drainage  system  it  was  anticipated  that  the 
sewage  from  the  higher  portions  of  the  district  bounded  by  the  Charles 
River,  Mother  Brook  and  the  Neponset  River  could  be  at  some  future  time 
intercepted  by  a  "  high-level "  sewer  and  conveyed  to  Squantum  by  gravity, 
thos  affording  relief  to  the  pumping  station  and  tunnel  when  the  flow  of 
sewage  shall  tax  their  capacity ;  and  provision  was  made,  in  the  construc- 
tion of  the  works,  for  the  connection  of  such  a  sewer  with  the  outfall 
works  at  Squantum  and  Moon  Island.  Your  investigations  indicate  that  a 
feasible  route  for  this  sewer  can  be  found,  which  would  intercept  the  pro- 
posed Neponset  valley  sewer  at  the  point  where  its  size  is  reduced,  on 
River  Street  in  Hyde  Park.  Your  investigations  also  indicate  that  a 
feasible  route  for  an  intercepting  sewer  from  this  point  to  Nut  Island  may 
also  be  found.  With  regard  to  disposing  of  the  sewage  in  the  future  by 
either  of  these  methods  the  Board  can  express  no  opinion,  with  the  infor- 
mation available  at  the  present  time,  and  you  have  verbally  requested  that 
the  consideration  of  these  matters  be  omitted.  The  Board  has  accordingly 
considered  only  that  portion  of  your  application  which  refers  to  the  dis- 
posal of  the  sewage  of  the  Neponset  valley  by  means  of  the  proposed 
sewer  shown  on  the  plan  contained  in  the  seventh  annual  report  of  your 
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Board,  opposite  page  38,  which  provides  for  the  discharge  of  the  sewage 
into  the  Dorchester  intercepting  sewer  at  Central  Avenue  in  Dorchester. 

With  regaixi  to  this  portion  of  the  scheme,  the  Board  finds  that  the  pro- 
posed sewer  will  provide  a  satisfactory  means  of  disposal  for  the  sewage  of 
the  territory  in  the  Charles  and  Neponset  valleys  which  it  is  estimated  to 
serve,  probably  until  about  the  year  1905,  if  care  is  taken  in  the  construc- 
tion of  the  main  sewer  and  tributary  systems  to  exclude  surface  and 
ground  water  from  the  sewers  so  far  as  possible,  and  if  the  amount  of 
manufacturing  sewage  is  restricted  by  preventing  the  discharge  into  the 
sewer  of  water  from  manufacturing  establishments  that  can  be  properly 
discharged  into  natural  water  courses. 

The  size  of  the  proposed  sewer  above  the  point  where  it  is  expected  that 
the  sewage  will  be  diverted  at  some  future  time  appears  to  be  sufficient  to 
make  a  reasonable  provision  for  a  population  as  great  as  may  be  expected 
to  be  connected  with  this  portion  of  the  system  in  1930,  so  far  as  can  be 
Judged  by  present  indications.  The  size  of  the  sewer  below  the  point 
where  it  is  expected  that  the  sewage  of  the  Neponset  intercepter  may  be 
diverted  is  such  as  to  serve  the  low  districts  in  Dorchester  and  Milton  for 
many  years  after  the  sewage  of  the  upper  portion  of  the  system  is  diverted. 

The  Board  approves  the  plan  of  disposing  of  the  sewage  of  the  Nepon- 
set valley  by  discharging  it  into  the  Dorchester  intercepting  sewer  of  the 
city  of  Boston,  but  expresses  no  opinion  as  to  the  most  appropriate 
method  of  disposal  to  adopt  after  the  capacity  of  this  sewer  is  reached. 
The  increase  in  the  amount  of  sewage  to  be  disposed  of  by  the  Boston 
main  drainage  system  will  necessitate  befoi*e  long  the  enlargement  of  the 
reservoir  capacity  at  Moon  Island,  and  the  necessity  for  enlargement  will 
be  hastened  by  the  addition  of  the  Neponset  valley  sewage. 

It  is  understood  that  the  sewerage  systems  to  be  connected  with  the 
Neponset  valley  sewer  shall  be  constructed  upon  the  so-ca*lled  ' '  separate  " 
plan,  and  that  no  sewage  overflows  will  be  used  in  connection  with  the 
main  sewer  or  tributary  systems. 

On  MarcB  18,  1896,  the  Metropolitan  Sewerage  Commission 
again  wrote  to  the  Board,  as  follows  :  — 

110  BoTLSTON  Street,  Boston,  March  18,  1896. 
Gentlemen:  —  In  your  reply  of  Feb.  18,  1896,  to  our  application  for 
approval  of  plans  for  sewage  disposal  for  Neponset  River  valley,  at  the 
close  you  say:  "It  is  understood  that  the  sewerage  system  to  be  con- 
nected with  the  Neponset  valley  sewer  shall  be  constructed  upon  the 
so-called  '  separate '  plan,  and  that  no  sewage  overflows  will  be  used  in 
connection   with   the   main   sewer  or    tributary   systems."      As   we   are 
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in  formed  and  understand,  yon  do  not,  by  the  use  of  the  words  ^^  no  sewage 
overflows  will  be  used,"  etc.,  intend  to  prohibit  or  prevent  the  constinic- 
tion  of  such  provision  for  temporary  overflows  as  it  would  seem  necessaiy 
should  be  provided  for  use  in  case  of  accident  or  necessity  of  repair  of 
trunk  sewer.  Unless  we  hear  from  you  to  the  contrary,  we  shall  proceed 
to  construct  the  main  trunk  sewer  and  approve  local  connections  therewith, 
making  and  requiring  such  provision  for  such  overflows  similar  to  those 
provided  and  required  in  the  Charles  River  and  north  metropolitan  systems, 
to  be  used  only  in  case  of  emei^ency. 

Very  respectfully  yours. 

For  the  Board, 
(Signed)         Edward  P.  Fisk,  Clerk, 


The  Board  of  Health  replied  to  this  letter  as  follows :  — 

Boston,  March  26,  1896. 

The  State  Board  of  Health  received  from  you,  on  March  18,  a  commu- 
nication with  reference  to  the  use  of  sewage  overflows  in  connection  with 
the  proposed  Neponset  valley  sewerage  system,  in  which  you  state  that 
unless  you  hear  from  the  Board  to  the  contrary  you  shall  proceed  to  con- 
struct the  main  trunk  sewer  and  approve  local  connections  therewith, 
making  and  requiring  such  provisions  for  such  overflows  similar  to  those 
provided  and  required  in  the  Charles  River  valley  and  north  metropolitan 
systems,  to  be  used  only  in  case  of  emergency. 

The  plan  presented  by  you  for  an  intercepting  sewer  for  Neponset 
River  and  Mother  Brook  basins,  including  a  portion  of  the  Charles  River 
basin,  which  this  Board  approved  in  its  communication  dated  Feb.  18, 
1896,  did  not  contain  any  provision  for  sewage  overflows,  and  no  mention 
of  sewage  overflows  was  made  in  the  report  of  your  engineer  submitted 
with  the  application. 

Before  the  Board  can  approve  a  plan  providing  for  sewage  overflows,  it 
will  be  necessary  that  you  submit  a  plan  showing  the  location  of  the  pro- 
posed overflows,  with  a  description  of  the  proposed  method  of  constructing 
ami  operating  them. 

The  Sewerage  Commission  again  wrote  to  the  Board,  April  18, 
1896,  as  follows  :  — 

no  BoTLSTON  Street,  Boston,  April  18,  1896. 

Gentlemen:  —  In  response  to  your  communication  of  March  26,  1896, 
stating  that  a  plan  will  be  required  showing  the  proposed  overflows  from 
the  Neponset  valley  intercepting  sewer,  with  a  description  of  method  of 
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construction  and  operation,  the  Board  desires  to  state  as  follows :  The 
Charles  River  system  has  been  operated  since  1892  as  a  branch  of  the 
Boston  main  drainage.  During  the  rainy  weather,  and  when  the  pumps 
are  not  in  operation,  the  trunk  sewer  of  the  Boston  system  has  been  sur- 
charged, flooding  tlie  Charles  River  branch,  and  requiring  the  construction 
and  maintenance  of  automatic  overflows  for  the  eflScient  and  safe  operation 
of  the  system.  The  Board  has  deemed  it  expedient  to  require,  for  safety 
and  convenience  in  maintaining  and  repairing  the  sewer,  and  as  a  further 
safeguard  against  flooding  from  Boston's  system  that  cities  and  towns 
tributary  to  the  Charles  River  system  should  also  construct  and  maintain 
automatic  overflows  at  all  their  connections  from  •  areas  of  considerable 
size. 

The  Neponset  valley  intercepter,  like  the  Charles  River  main,  will,  when 
completed,  be  operated  as  a  branch  of  the  Boston  system ;  and  it  is  antic- 
ipated that  it  also  will  be  subject,  at  its  lower  end,  to  flooding  during  the 
surcharged  condition  of  the  Boston  trunk  sewer.  The  Board  is  of  the 
opinion  that  the  safe  operation  of  the  Neponset  branch  will  require  the 
following  overflows  from  the  main  sewer :  — 

First,  —  At  Granite  bridge,  Dorchester,  an  automatic  overflow  into  the 
tidal  currents  of  Neponset  River,  having  a  carrying  capacity  equal  to  the 
main  sewer  at  that  point. 

Second.  —  Near  Mill  Lane,  Dedham,  an  overflow  into  Mother  Brook, 
having  a  carrying  capacity  equal  to  the  main  sewer  at  that  point,  con- 
trolled by  a  Penstock  valve,  to  be  operated  by  hand,  and  only  when  the 
main  sewer  is  surcharged  at  that  point. 

Plans  of  the  proposed  overflows  are  submitted,  as  requested. 

For  convenience  and  safety  in  maintenance,  to  provide  against  possible 
accident  or  injury  to  the  main  sewer  or  flooding  at  low  levels  from  Boston 
main  sewer,  the  Board  is  of  the  opinion  that,  as  in  the  Charles  River 
branch,  automatic  safety  overflows  should  be  provided  from  all  local  con- 
nections receiving  drainage  from  ten  acres  or  more ;  such  overflows,  above 
East  Street,  Dedham,  to  be  permanently  sealed  off,  and  never  used  so  long 
as  the  Charles  River  and  its  shores  are  used  as  a  source  of  domestic  water 
supply. 

At  the  date  of  the  engineer's  preliminary  report  on  the  Neponset  valley 
sewer  the  Board  had  not  decided  to  acquire  the  Dorchester  intercepter  from 
Central  Avenue  to  Granite  bridge,  and  were  not  prepared  and  did  not  at 
that  date  ask  advice  in  the  matter  of  overflows  from  the  main  sewer.  With 
the  exception  of  Milton,  no  city  or  town  of  the  valley  above  Central 
Avenue  had  then  prepared  any  studied  scheme  for  its  local  connections, 
and  the  Board  were  equally  unprepared  to  ask  advice  at  that  date  in  the 
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matter  of  overflows  from  local  connections.  The  engineer  to  the  Board, 
after  conference  with  the  engineers  for  the  tributary  cities  and  towns,  has 
prepared  a  study  for  a  system  of  branches  for  local  connections,  which 
are  shown  on  the  accompanying  map,  subject  to  such  minor  modifications 
of  size,  location,  etc.,  as  may  necessarily  be  developed  during  the  more 
detailed  surveys  for  the  construction  of  local  sewers.  The  Board  desire  to 
approve  and  adopt  automatic  relief  overflows  at  all  the  connections  shown, 
with  the  understanding  that  such  as  are  above  East  Street,  Dedham,  shall 
not  be  opened  for  use  so  long  as  the  Charles  River  is  used  as  a  source  of 
water  supply  for  Brooklino,  Newton  and  other  cities.  A  characteristic 
study  for  one  of  these  connections  is  submitted,  and  your  advice  and 
approval  is  asked  in  the  matter  of  overflows  from  the  main  sewer  and 
from  local  connections  as  outlined  above. 

Respectfully  submitted. 

For  the  Board, 
(Signed)         Edward  P.  Fisk,  Clerk. 

The  Board  of  Health  replied  to  this  application  as  follows  :  — 

Boston,  May  7, 1896. 

The  State  Board  of  Health  received  from  you,  on  April  18,  an  applica- 
tion for  approval  of  proposed  sewage  overflows  in  connection  with  the 
proposed  Neponset  valley  intercepting  sewer,  accompanied  by  plans  show- 
ing the  location  of  proposed  overflows  from  the  main  sewer  and  tributary 
systems  and  designs  for  these  overflows.  Two  of  these  overflows  are  pro- 
posed for  the  discharge  of  sewage  from  the  main  intercepting  sewer,  and  it 
is  understood  that  the  others  are  automatic  overflows,  to  be  connected  with 
the  tributary  systems  near  their  junction  with  the  main  sewer,  by  which 
sewage  from  the  tributary  sewers  may  be  discharged  into  local  water 
courses  when  the  sewage  in  the  intercepting  sewer  rises  to  a  certain  height. 
One  of  the  pro[)Osed  overflows  presented  by  you  is  located  upon  the  main 
sewer  at  Granite  bridge,  but,  since  this  is  below  the  portion  of  the  sewer 
to  which  the  reply  of  the  Board  dated  February  18  was  limited,  at  your  re- 
quest, the  Board  has  omitted  the  consideration  of  this  overflow. 

It  is  stated  in  the  application  that  your  Board  ' '  desire  to  approve  and 
adopt  automatic  relief  overflows  at  all  connections  shown,  with  the  under- 
standing that  such  as  are  above  East  Street,  Dedham,  shall  not  be  opened 
for  use  so  long  as  the  Charles  River  is  used  as  a  source  of  water  supply  for 
Brookline,  Newton  and  other  cities."  As  the  discharge  of  sewage  into  the 
Charles  River  in  this  vicinity  is,  under  present  conditions,  prohibited  by 
law,  this  Board  cannot  approve  any  overflows  upon  this  portion  of  the 
sewer  at  the  present  time.     The  overflows  under  consideration,  therefore. 
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are  those  included  on  the  main  sewer  and  tributary  systems,  between  the 
point  where  the  sewer  crosses  East  Street  in  Dedham  and  its  junction  with 
the  Dorchester  intercepting  sewer  at  Central  Avenue,  Dorchester. 

By  the  existing  conditions,  sewage  from  all  overflows  in  this  district 
would  naturally  be  discharged  either  into  Mother  Brook  or  the  Neponset 
River,  or  tributaries  of  these  streams.  There  are  several  dams  along  Mother 
Brook  and  the  Neponset  River,  forming  mill  ponds  in  some  cases  of  con- 
siderable size,  and  all  of  the  proposed  overflows  would  be  above  one  or 
more  of  these  dams.  There  is  a  large  and  rapidly  growing  population  in 
the  vicinity  of  these  streams  and  their  tributairies,  and,  in  the  opinion  of 
the  Board,  it  is  desirable  that  these  sti*eams  be  kept  free  from  pollution, 
and  that  the  discharge  of  sewage  into  them  be  prevented,  if  possible. 

Regarding  the  danger  of  the  proposed  main  sewer  and  tributary  systems 
becoming  surcharged  by  sewage  backing  up  from  the  Boston  system,  the 
Board  is  informed  that  by  existing  provisions  the  Dorchester  intercepting 
sewer  is  automatically  disconnected  from  the  Boston  main  drainage  sewer  at 
times  when  the  latter  is  surchai'ged,  and  provision  is  made  whereby  the 
Dorchester  intercepting  sewer  may  at  such  times  discharge  into  tide  water ; 
moreover,  accoi*ding  to  the  plan  approved  by  this  Board  in  a  communica- 
tion to  your  Board,  dated  Feb.  18,  1896,  the  bottom  of  the  Neponset 
valley  sewer  at  its  lower  end  in  Central  Avenue,  Dorchester,  is  at  about 
grade  20,  or  several  feet  above  high  water.  It  does  not  seem  to  this 
Board  that  there  is  danger  that  the  Neponset  valley  sewer  may  be  sur- 
charged from  this  cause. 

Regarding  the  necessity  of  automatic  overflows  for  safety  and  con* 
venience  in  maintaining  and  operating  a  separate  system  of  sewers,  much 
information  is  furnished  by  experience  in  the  operation  of  such  systems 
already  in  use  in  this  State.  A  number  of  such  systems  have  been  in 
successful  operation  in  some  cases  for  several  yeai*s  without  automatic 
overflows,  and  information  regarding  these  systems  indicates  that  the 
necessity  for  such  overflows  has  not  arisen. 

In  view  of  all  the  circumstances,  the  Board  declines  to  modify  its  ap- 
proval, under  date  of  Feb.  18,  1896,  of  a  system  of  sewage  disposal  for 
Neponset  River  valley  which  had  been  submitted  by  you,  by  adopting,  as  a 
part  of  that  plan,  the  plan  of  automatic  relief  overflows  proposed  in  your 
communication  of  April  18,  1896. 

It  is  possible  that  there  are  points  in  the  system  not  known  to  this  Board 
where  unusual  emergencies  may  occur,  and  where  safety  would  require  an 
outlet  gate  which  can  be  opened  temporarily ;  if  such  points  are  found  to 
exist,  this  Board  will  consider  plans  you  may  present  in  regard  to  them ; 
but  this  Board  is  desirous  to  avoid  discharging  sewage  above  any  of  the 
mill  dams  on  Neponset  River,  when  not  absolutely  necessary. 
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JVIetropolitan  Sewerage  Commission  (Dorchester  intercepting 
sewer).  The  sewer  commissioners  applied  to  the  State  Board  of 
Health,  May  2,  1896,  for  the  approval  of  the  Board  of  the  taking 
of  a  part  of  the  Dorchester  intercepting  sewer  to  constitute  a  part 
of  the  sewerage  system  for  a  part  of  the  city  of  Boston  and  for  the 
towns  of  Dedham,  Hyde  Park  and  Milton.  The  Board  replied  to 
this  application  as  follows  :  — 

Boston,  Jane  6,  1896. 
The  State  Board  of  Health  has  considered  the  application  submitted  by 
you  on  May  4,  1896,  in  which  you  request  the  approval  by  this  Boaixl  of 
the  taking  by  the  Metropolitan  Sewerage  Commissioners  of  the  portion 
of  the  Dorchester  intercepting  sewer  between  Central  Avenue  and  Granite 
Avenue,  in  Dorchester,  as  a  portion  of  the  proposed  Neponset  valley  sew- 
erage system,  provided  for  by  chapter  406  of  the  Acts  of  the  year  1895, 
and,  having  carefully  considered  the  plans,  hereby  approves  them  as  a  part 
of  the  system  of  sewage  disposal  for  the  Neponset  valley,  supplementary 
to  the  plans  already  approved  by  this  Board. 

Natick.  The  sewerage  committee  of  Natick  applied  to  the  State 
Board  of  Health,  July  1,  1896,  for  its  approval  of  a  system  of 
sewerage  and  sewage  disposal  being  constructed  for  the  town,  under 
the  provisions  of  chapter  459  of  the  Acts  of  1894.  The  Board 
replied  to  this  application  as  follows :  ^ 

Boston,  SepL  3,  1896. 

The  application  was  accompanied  by  plans  showing  a  general  system  of 
sewerage  for  the  thickly  settled  portion  of  the  town,  and  a  main  sewer  lead- 
ing from  the  town  through  West  Central  Street  to  a  pumping  station 
located  on  the  northerly  side  of  the  street,  and  between  it  and  the  Boston 
&  Albany  Railroad  and  close  to  the  southerly  end  of  Lake  Cochituate. 
From  the  pumping  station  a  force  main  extends  across  the  railroad  and 
private  land  to  Speen  Street,  through  this  street  to  the  Worcester  turnpike, 
and  westerly,  along  the  turnpike,  to  a  place  of  disposal  upon  land  upou  the 
opposite  side  of  the  street  from  land  now  used  for  a  similar  purpose  by 
the  town  of  Framingham. 

The  proposed  filtration  area  indicated  upon  the  plans  contains  an  area  of 
97^  acres  of  land,  of  which  it  appears  that  74  acres  can  be  utilized  for 
sewage-disposal  purposes.  At  the  time  the  application  was  made  the  con- 
struction of  the  system  had  nearly  been  completed. 

The  Board,  having  carefully  examined  and  considered  the  plans  sub- 
mitted, hereby  approves  the  system  of  sewerage  and  sewage  disposal, 
as  indicated  by  these  plans. 
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It  will  be  unnecessary  to  prepare  all  of  the  filter  beds  indicated  upon  the 
plan  at  the  present  time,  but  at  least  eight  of  these  beds  should  be  com- 
pleted early  in  1897,  to  provide  for  the  disposal  of  sewage  that  may  be 
expected  to  reach  the  beds  as  soon  as  the  sewers  now  constructed  shall 
have  come  into  general  use,  and  additional  beds  may  then  be  prepared 
from  time  to  time  as  they  are  needed. 

Springfield.  The  mayor  of  Springfield  applied  to  the  Board, 
April  21,  1896,  for  its  advice  relative  to  the  construction  of  a  sewer 
for  a  certain  portion  of  the  city,  having  its  outlet  into  the  Con- 
necticut River  at  the  foot  of  i^lm  Street.  The  Board  replied  to 
this  application  as  follows :  — 

Boston,  May  7,  1896. 
The  State  Board  of  Health  received  from  you,  on  April  21,  1896,  an 
application  with  reference  to  the  proposed  extension  of  the  Elm  Sti^eet 
sewer  to  the  bank  of  the  Connecticut  River,  and  the  construction  of  a  pipe 
to  discharge  the  dry-weather  flow  of  the  sewage  at  a  distance  from  the 
shore  of  the  river.  The  Board  finds  that  the  proposed  extension  appears 
to  be  adapted  to  disposing  of  the  dry-weather  flow  of  sewage  at  such  a 
distance  from  the  shore  that  it  is  not  likely  to  return  until  it  becomes  well 
diluted,  and  approves  the  disposal  of  the  sewage  from  this  sewer  by  the 
method  proposed.  As  in  the  case  of  the  plans  submitted  last  year,  the 
Board  advises  that  it  would  be  well  to  avoid  the  upturning  of  the  discharge 
pipe  at  the  end,  and  to  provide  a  free  outlet,  with  no  depressed  i>ortion  of 
the  pipe  in  which  solids  from  the  sewage  may  be  deposited. 

Stockbridge.  An  application  was  received  from  the  sewerage 
committee  of  Stockbridge,  Nov.  27,  1896,  for  advice  relative  to  a 
proposed  system  of  sewerage  and  sewage  disposal  in  that  town. 
The  Board  replied  to  this  application  as  follow^s  :  — 

Boston,  Jan.  8,  1897. 

The  State  Board  of  Health  received  from  you,  on  Nov.  27,  1896,  an 
application  for  advice  with  reference  to  a  proposed  system  of  sewerage  and 
sewage  disposal  for  the  village  of  Stockbridge,  accompanied  by  a  plan 
showing  the  territory  which  it  is  intended  to  include  in  the  system  at  the 
present  time,  and  a  plan  of  a  proposed  filtration  area  near  the  Housatonic 
River,  north-west  of  the  village.  Subsequently,  plans  were  received 
showing  the  locations  of  the  proposed  sewers  and  the  proposed  method  of 
preparing  the  filtration  area. 

The  Board  has  examined  the  plans  submitted  and  ha«  caused  an  ex- 
amination of  the  locality  to  be  made  by  its  engineer,  and  samples  of  the 
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soil,  coUected  from  test  pits  on  the  proposed  filtration  area,  to  be  an- 
alyzed. 

The  plans  show  that  it  is  feasible  to  collect  the  sewage  from  practically 
all  of  the  village,  and  deliver  it  by  gravity  upon  the  filtration  area.  The 
exclusion  of  storm  water  from  the  sewers,  as  proposed,  is  very  desirable, 
since  smaller  sewers  will  be  required,  and  the  quantity  of  sewage  to  be 
purified  will  be  much  less  than  if  storm  water  should  be  admitted.  The 
proposition  to  place  underdrains  beneath  the  sewers  should  also  be  caiTied 
out,  for  the  same  reason. 

The  area  proposed  for  the  disposal  of  the  sewage  appears  to  be  the  most 
suitable  one  which  it  is  practicable  to  use  for  the  pui'pose  without  pumping, 
and  its  location  is  satisfactory  from  a  sanitary  point  of  view.  Examina- 
tions of  the  ground  where  the  filter  beds  are  to  be  located,  by  means  of 
test  pits,  have  shown  that  beneath  a  layer  of  loam  and  soil  at  the  surface 
there  is  a  layer  of  sand  from  2  to  3  feet  in  thickness,  which,  if  properly 
underdrained,  is  suitable  for  the  purification  of  sewage  by  filtration.  The 
depth  of  the  material  is  less  than  is  necessary  for  the  proper  filtration  of 
the  sewage,  but  it  is  feasible  to  increase  the  depth,  as  proposed  in  the  plans 
submitted,  to  about  four  feet,  by  removing  the  soil  from  the  present 
surface  and  replacing  it  with  good  filtering  material  from  higher  laud  in 
the  vicinity,  where  suitable  materilil  is  found.  The  depth  of  the  filters 
will  be  somewhat  less  than  is  desirable,  but  the  quality  of  the  filtering 
material  is  such  that  a  well-purified  eflQuent  can  be  obtained  from  the  pro- 
posed beds  with  reasonable  care  in  their  management. 

According  to  the  plan,  about  2.2  acres  of  filter  beds  can  be  prepared 
here,  and  a  further  area  of  a  little  over  an  acre  situated  near  the  river 
bank  can  be  utilized  by  means  of  trenches,  if  necessary,  though  the  quan- 
tity of  sewage  that  can  be  disposed  of  in  this  way  would  be  considerably 
less  per  acre  than  upon  the  filter  beds.  It  is  proposed  to  prepare  in  the 
beginning  four  of  the  filter  beds  shown  upon  the  plan,  aggregating  about 
1.5  acres  in  area,  and  this  area  should  provide  for  the  diposal  of  the 
sewage  of  the  present  village  for  several  years  after  sewers  are  introduced. 

On  account  of  the  comparatively  small  elevation  of  the  filter  beds  above 
the  level  of  the  water  in  the  river,  their  operation  may  be  interfered  with 
occasionally  by  freshets ;  but  no  serious  trouble  is  to  be  anticipated  from 
this  cause  if  no  change  is  made  such  as  would  permanently  raise  tlie  level 
of  the  water  in  the  river  above  its  level  as  found  at  the  time  of  the  surveys. 

Taunton.  The  Board  received  an  application  from  the  sewer 
commissioners  of  Taunton,  Nov.  5,  1895,  for  advice  relative  to  tho 
disposal  of  the  sewage  of  Taunton  into  the  Taunton  River  without 
purification. 
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On  March  5  a  hearing  was  held  at  the  office  of  the  State  Board 
of  Health  pursuant  to  a  notice,  at  which  the  authorities  of  the  city 
of  Taunton  and  of  the  towns  of  Berkley,  Dighton  and  Somerset 
were  represented,  the  latter  being  opposed  to  the  disposal  of  crude 
sewage  of  the  city  into  the  Taunton  River.  The  hearing  was  con- 
tinued and  concluded  on  March  20,  and  on  March  24  the  Board  sent 
the  following  reply  to  the  sewer  commissioners  of  Taunton  :  — 

Boston,  March  24,  1886. 

The  State  Board  of  Health  has  considered  your  application  with  refer- 
ence to  the  disposal  of  the  sewage  of  the  city  of  Taunton,  and,  before 
advising  you  definitely  with  reference  to  the  most  appropriate  method  of 
disposing  of  the  sewage  of  the  city,  requests  that  you  furnish  an  alternative 
plan  for  the  disposal  of  the  sewage  by  filtration  through  sand  upon  a 
suitable  area  available  for  the  purpose. 


On  May  11  the  sewer  commissioners  replied,  suggesting  the 
purchase  of  a  certain  tract  or  tracts  of  land  in  Berkley,  near  the 
Taunton  River,  for  the  purpose  of  ifeing  them  as  filtration  areas  for 
the  sewage  of  the  city.  To  this  application  the  Board  replied  as 
follows :  — 

Boston,  Jane  6,  1896. 

In  response  to  a  request  of  this  Board,  dated  March  24,  1896,  that  you 
submit  a  plan  providing  for  the  disposal  of  the  sewage  of  Taunton  on  land, 
thus  completing  the  plan  of  sewage  disposal  as  proposed  in  the  report 
accompanying  your  original  application,  this  Board  received  from  you,  on 
May  1 1 ,  a  communication  stating  that  you  proposed  to  use  land  boi*dering 
on  the  Taunton  River,  opposite  Blake's  landing,  and  subsequently  received 
from  you  a  plan  of  the  land,  showing  its  outline  and  general  elevation 
above  high  water  in  the  river. 

The  Board  has  carefully  considered  the  plan  submitted,  and  has  caused 
an  examination  of  the  land  to  be  made  by  its  engineers,  and  samples  of 
the  soil  from  a  limited  number  of  test  pits  located  in  various  parts  of  the 
area  to  be  analyzed. 

These  examinations  indicate  that  there  is  an  area  of  about  55  acres  here 
having  a  sandy  soil,  which  is  situated  at  a  sufficient  elevation  above 
average  high  water  in  the  river  to  allow  for  underdrainage. 

The  information  furnished  by  the  limited  number  of  test  pits  indicates 
that  the  soil  of  this  area  is  generally  very  fine,  and  is  composed  of  layers 
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of  varying  degrees  of  fineness,  —  a  condition  which  would  be  unfavorable 
to  the  thorough  aeration  of  the  filter  beds.  A  portion  of  the  area,  amount- 
ing to  perhaps  a  third  of  the  whole,  contains  a  somewhat  coarser  sand, 
which  is  much  better  adapted  to  the  purification  of  sewage. 

The  area  as  a  whole  will  require  a  very  lai^e  amount  of  preparation  in 
order  to  bring  it  into  suitable  condition  for  the  disposal  of  the  sewage  of 
Taunton  by  intermittent  filtration.  There  is  a  considerable  depth  of  loam 
upon  the  surface,  which  it  will  be  necessary  to  remove,  and  a  thorough 
system  of  underdrainage  will  be  required.  With  thorough  preparation  and 
proper  care  of  the  filter  beds,  however,  it  is  possible  that  the  sewage  of  the 
city  could  be  disposed  of  here  for  a  time,  unless  there  is  a  more  rapid  ex- 
tension of  the  sewerage  system  than  you  now  anticipate ;  but  the  cost  of 
preparing  the  filter  beds  would  be  very  large,  as  compared  with  the  cost  of 
preparing  beds  for  this  purpose  where  the  material  is  coarse  and  porous ; 
and,  moreover,  it  does  not  appear  that  there  is  any  considerable  area  of 
land  in  the  immediate  vicinity  that  can  be  utilized  when  an  additional  area 
becomes  necessary.  The  material  found  in  test  pits  dug  in  the  smaller  lots 
south  of  this  area,  plans  of  which  were  subsequently  submitted,  was  found 
to  be  extremely  fine,  indicating  that  no  considerable  amount  of  sewage 
could  be  disposed  of  by  filtration  upon  these  lots. 

There  being  much  doubt  as  to  the  capacity  of  the  proposed  filtration 
area  for  the  disposal  of  the  sewage  of  the  city  of  Taunton  for  a  reasonable 
time  in  the  future,  and  considering  the  large  probable  cost  of  properly  pre- 
paring the  filter  beds,  it  seems  very  desirable  that  a  much  more  thorough 
investigation  be  made  of  that  part  of  your  proposed  plan  which  relates  to 
the  disposal  of  the  sewage  of  the  city  upon  land. 

In  view  of  all  the  circumstances,  the  Board  does  not,  at  present,  approve 
of  the  proposed  plan  for  the  disposal  of  the  sewage  of  Taunton,  but  ad- 
\ises  a  further  investigation  of  the  subject.  In  making  these  investi- 
gations, it  is  desirable  that  you  determine,  first,  whether  there  is  not  some 
suitable  area  within  the  limits  of  the  city  of  Taunton  upon  which  it  may  be 
feasible  to  dispose  of  the  sewage  by  intermittent  filtration  at  a  reasonable 
cost.  If  such  an  area  cannot  be  found  within  the  limits  of  the  city,  ter- 
ritory outside  of  the  city  limits  should  be  considered,  with  a  view  to  dis- 
covering some  area  suitable  for  the  disposal  of  the  sewage,  which  would 
not  be  objectionable  if  used  for  this  purpose. 

Should  one  or  more  suitable  areas  be  found,  a  careful  estimate  should  be 
made  of  the  probable  cost  of  preparing  filter  beds  and  disposing  of  the 
sewage  U]>on  them. 

The  Board  will  assist  you,  so  far  as  it  can,  in  these  investigations,  if 
yoQ  desire,  and  will  make  such  examinations  of  filteriug  materials  as  may 
be  necessary. 
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The  sewer  commissioners,  on  June  25,  submitted  a  further  plan 
for  filtering  the  sewage  of  the  city  on  land  above  the  city  and  near 
the  Taunton  River.     The  Board  replied  to  this  communication  as 
.  follows :  — 

Boston,  July  6, 1896. 

The  State  Board  of  Health  received  from  you,  on  June  26,  a  communi- 
cation setting  forth  in  a  general  way  a  proposed  system  of  sewerage  and 
sewage  disposal  for  the  city  of  Taunton,  accompanied  by  a  plan  showing 
a  location  for  a  pumping  station  on  the  north-easterly  side  of  the  New  Bed- 
ford branch  of  the  New  York,  New  Haven  &  Hartford  Railroad,  between 
Ingell  Sti'eet  and  the  Taunton  River,  and  a  line  of  force  main  leading  from 
the  pumping  station  to  a  filtration  area  situated  near  the  Taunton  River, 
about  a  mile  above  the  filter  basin  and  pumping  station  of  your  water 
works. 

A  plan  of  the  proposed  filtration  area  was  also  received,  showmg  an  area 
of  65  acres,  situated  on  the  left  or  southerly  bank  of  the  river,  just  below 
the  point  where  it  is  joined  by  the  Cotley  River.  Other  areas  in  the  vicin- 
ity which  might  be  made  available  for  sewage-disposal  purposes  were 
indicated  by  your  engineer. 

By  the  present  plan,  it  is  understood  that  it  is  feasible  to  collect  at  the 
proposed  pumping  station  the  sewage  from  all  of  the  thickly  settled  por- 
tions of  the  city,  including  the  low  districts  near  the  river,  which  were 
omitted  from  the  system  proposed  by  the  previous  plan. 

The  Board  has  caused  an  examination  of  the  proposed  filtration  area  to 
be  made,  and  samples  of  material  taken  from  test  pits  in  various  parts  of 
the  area  to  be  analyzed.  The  results  of  these  examinations  show  that  the 
material  is  for  the  most  part  well  suited  for  the  disposal  of  sewage  by 
intermittent  filtration,  and  there  are  other  areas  of  land  in  the  vicinity 
which  also  appear  to  be  composed  of  porous  material,  judging  from  the 
appearance  of  the  surface,  which  could  be  used  for  sewage-disposal  pur- 
poses if  necessary,  so  that  it  appears  that  a  sufiScient  area  of  suitable  land 
could  probably  be  made  available  in  this  vicinity  for  the  disposal  of  the 
sewage  of  the  city  of  Taunton ;  but  the  situation  of  the  proposed  filtration 
area  near  the  river,  a  short  distance  above  the  filter  basin  of  the  Taunton 
water  works,  is  such  that  this  Board  cannot  approve  of  the  use  of  this 
area  for  sewage-disposal  purposes  so  long  as  the  eflluent  mingled  with 
river  water  may  be  drawn  through  the  filter  basin  of  the  water  works  for 
supplying  the  city  with  drinking  water. 

On  August  18  the  sewer  commissioners  again  wrote  to  the  Board, 
proposing  to  build  a  drain  to  convey  the  effluent  away  from  the 
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water  works  to  a  point  farther  down  the  river,  and  to  construct  an 
impervious  dam  between  the  filtration  area  and  the  river.  To  this 
communication  the  Board  replied  as  follows  :  — 

Boston,  Sept.  10, 1896. 

The  State  Board  of  Health  received  from  you,  August  20,  a  communica- 
tion stating  that  you  have  made  a  more  thorough  examination  of  the  pro- 
posed filtration  area  near  Williams  Street,  and  that  you  are  satisfied  that 
you  can  construct  filter  beds  in  such  a  manner  that,  by  building  a  drain 
from  the  filtration  area  to  the  Taunton  River,  about  2  miles  below  the 
water  works  pumping  station,  you  can  be  sure  that  none  of  the  effluent  can 
possibly  reach  the  basin  of  the  water  works.  You  propose  to  construct 
the  beds  and  to  dispose  of  all  of  the  drainage  from  the  filtration  area  in 
this  way.  You  state  that  an  examination  of  the  materials  near  the  bank 
of  the  river  along  the  filtration  area  shows  that  you  can  construct  an  im- 
pervious dam  at  this  place. 

Plans  showing  contoui*  lines  upon  the  proposed  filtration  area  and  the 
profKwed  line  of  the  drain  from  the  area  to  the  Taunton  River,  with  profile, 
were  received  with  the  application. 

The  Board  has  considered  this  plan,  and  concludes  that,  if  all  of  the  efflu- 
ent can  be  removed  from  the  proposed  filtration  field  to  a  point  of  discharge 
in  the  Taunton  River  sufficiently  below  the  water  works  filter  basin  to  in- 
sure that  no  effluent  can  be  drawn  into  the  basin,  and  if  the  proposed  dam 
can  be  so  constructed  as  to  prevent  effluent  or  unfiltered  sewage  from  en- 
tering the  river  otherwise  than  through  the  proposed  drain,  the  sewage  of 
the  city  of  Taunton  might  be  satisfactorily  disposed  of  upon  the  area  pro- 
posed; but  no  plans  are  furnished  to  show  the  method  by  which  it  is 
proposed  to  prevent  the  effluent  from  reaching  the  river  opposite  the  filter 
beds.  The  Board,  therefore,  requests  that  you  submit  sufficient  details  of 
the  scheme  to  show  the  character  of  the  layers  of  material  at  the  site  of 
the  proposed  dam,  and  how  you  propose  to  construct  the  dam  to  make  it 
impervious,  and  what  method  will  be  adopted  to  prevent  accidental  over- 
flow of  the  sewage  from  the  filtration  area  into  the  river  above  the  water 
works  filter  basin.  It  is  desirable  also  that  you  show  the  character  of  the 
layers  of  material  underlying  the  proposed  filter  beds  and  the  plan  of  the 
proposed  underdrain  system. 

Van  Choate  Electric  Company  (Foxborough)  .  The  Van 
Choate  Electric  Company  of  Foxborough  submitted  to  the  Board 
for  its  approval,  March  7,  1896,  a  plan  of  sewage  disposal  for  their 
fectory,  having  an  outlet  into  a  tributary  of  [Mumford  River.  The 
Board  replied  to  this  application  as  follows  :  — 


68  STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 

Boston,  April  22, 1896. 

The  State  Board  of  Health  received  from  you,  on  March  7,  an  applica- 
tion for  advice  with  reference  to  a  proposed  system  of  sewage  disposal  for 
the  works  of  the  Van  Choate  Electric  Company,  accompanied  by  a  plan  of 
a  proposed  settling  tank  and  filter,  having  an  outlet  into  a  small  brook,  a 
tributary  of  the  Mumford  River. 

The  essential  features  of  the  plan  are  a  settling  tank  for  the  removal  of 
suspended  matters  from  the  sewage  by  sedimentation,  and  a  filter  bed  75 
feet  in  length,  25  feet  in  width  and  4  feet  in  depth,  to  be  composed  of 
stones  and  coarse  gravel  held  between  stone  walls  laid  without  mortar, 
through  which  sewage  is  to  be  passed  laterally  from  an  inlet  chamber  along 
one  side  of  the  bed  to  an  effluent  chamber  on  the  opposite  side,  dischai*ging 
thence  into  the  brook.  Sewage  is  to  enter  the  inlet  chamber  through  a 
pipe  4  feet  above  the  bottom  of  the  filter.  Fourteen  lines  of  4-inch  tile 
pipe  are  indicated  upon  the  plan  submitted,  running  from  the  inlet  chamber 
on  a  level  just  below  the  pipe  through  which  sewage  enters  it,  across  the 
filter,  and  terminating  in  the  stones  on  the  opposite  side.  It  is  proposed 
to  lay  these  pipes  with  open  joints,  so  that  when  sewage  flows  through 
them  it  may  find  an  outlet  into  the  filter  in  this  way.  It  is  underatood 
that  as  many  as  3,000  operatives  may  be  employed  in  the  works  for  which 
this  system  of  sewage  disposal  is  proposed. 

The  Board  has  carefully  considered  the  plan  submitted,  and  finds  that  it 
would  be  impracticable  to  purify  the  sewage  from  any  considerable  number 
of  operatives  by  this  plan. 

The  attention  of  the  Boai*d  has  been  called  to  a  filter  constructed  upon  a 
plan  similar  to  that  proposed  in  the  application  submitted  and  intended  to 
purify  the  sewage  of  a  factory  in  Norwood.  The  results  of  a  chemical 
analysis  of  a  sample  of  the  sewage  applied  to  this  filter  and  of  a  sample  of 
the  effluent  show  that  no  material  purification  of  the  sewage  takes  place  in 
its  passage  through  the  filter;  and,  as  the  size  of  the  filter  proposed  for 
the  Van  Choate  Electric  Company  in  proportion  to  the  number  of  opera- 
tives would  be  about  the  same  as  at  the  Norwood  works,  there  is  no  reason 
to  expect  that  the  results  would  be  any  different  with  the  proposed  filter 
than  with  the  existing  filter  at  Norwood. 

The  Board  would  therefore  advise  that  you  have  a  further  investigation 
made,  with  a  view  to  disposing  of  the  sewage  from  your  works  in  such  a 
manner  that  it  will  not  pollute  the  stream  into  which  the  effluent  is  finally 
discharged. 

Westborough  Insaxe  Hospital.  The  trustees  of  the  West- 
borough  Insane  Hospital  submitted  a  plan  for  the  disposal  of  the 
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sewage  of  that  institution  to  the  Board,  April  7,  1896.  This  plan 
provided  for  the  disposal  of  the  sewage  of  the  institution  by  filtra- 
tion upon  an  area  of  land  about  a  half  mile  from  the  hospital. 
The  Board  replied  to  this  application  as  follows :  — 

Boston,  May  7,  1896. 

The  State  Board  of  Health  received  from  you,  on  April  7,  1896,  a  plan 
for  a  proposed  system  of  sewage  disposal  for  the  Westborough  Insane 
Hoepital.  The  plan  provides  for  collecting  the  sewage  of  the  hospital  in 
a  receiving  basin  or  reservoir  to  be  located  about  250  feet  north-west  of 
the  nearest  portions  of  the  buildings,  from  which  an  iron  pipe  sewer  in  the 
form  of  an  inverted  siphon  is  provided,  to  convey  the  sewage  to  a  filtration 
area  on  the  southerly  side  of  Little  Chauncy  Pond,  and  about  half  a  mile 
from  the  hospital  buildings.  Before  entering  the  receiving  reservoir  the 
sewage  will  pass  through  a  sludge  tank  intended  for  the  removal  of  a 
portion  of  the  solid  matters  from  the  sewage  by  sedimentation,  and  pro- 
vision is  made  whereby  the  sludge  can  be  di*awn  off  from  this  tank  by 
gravity  and  used  as  a  fertilizer.  The  receiving  reservoir  will  have  a 
capacity  of  20,000  gallons,  and  is  designed  to  discharge  its  contents 
automaticaUy,  at  inteivals  of  several  hours. 

The  area  selected  for  the  disposal  of  the  sewage  is  the  one  referred  to  in 
previous  communications  of  this  Board  as  an  area  well  adapted  to  the  dis- 
posal of  the  sewage  of  this  institution  by  intermittent  filtration. 

The  Board  has  carefully  considered  the  plan  submitted,  and  has  caused 
an  examination  of  the  proposed  filtration  area  to  be  made  by  one  of  its 
engineers,  and  concludes  that  the  proposed  plan  will  provide  satisfactorily 
for  the  disposal  of  the  sewage  of  the  hospital. 

The  screens  indicated  upon  the  plan  have  a  somewhat  limited  area,  but 
it  is  understood  that  your  engineer  proposes  to  provide  larger  screens  than 
are  indicated,  and  a  larger  screen  area  is  very  desirable,  to  avoid  the  neces- 
sity of  excessive  attention  to  keep  them  from  clogging. 

Whitman.  The  selectmen  of  Whitman  applied  to  the  Board, 
Aug.  13,  1896,  for  its  advice  relative  to  a  system  of  drainage  for 
Whitman,  having  a  portion  of  its  outlets  into  Hobart's  Pond  in  that 
town.     The  Board  replied  to  this  application  as  follows  :  — 

Boston,  Nov.  0,  1896. 

The  State  Board  of  Health  received  from  you,  on  August  13,  an  appli- 
cation giving  notice  of  your  intention  to  introduce  a  system  of  drainage  in 
the  town  of  Whitman,  accompanied  by  plans  showing  existing  drains  and 
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a  proposed  system  of  drainage  for  the  remainder  of  the  thickly  settled 
portion  of  the  town. 

The  Board  has  cai*efully  examined  the  plans  submitted,  and  has  caused 
an  examination  of  the  territoiy  to  be  made  by  one  of  its  engineers.  The 
Bizes  of  the  proposed  drains  appear  to  be  adapted  to  remove  the  surface 
and  ground  water  from  the  watersheds  which  they  are  designed  to  sen'e, 
and  the  places  of  discharge  of  most  of  the  drains  are  satisfactory.  Two 
of  the  proposed  drains,  however,  —  one  in  Essex  Street  and  another  pass- 
ing through  Alden  Street,  —  and  one  of  the  drains  already  built,  which 
takes  the  di*ainage  from  the  portion  of  the  town  in  the  vicinity  of  the 
junction  of  Temple  and  Washington  streets,  have  outlets  into  Hobart's 
Pond.  The  water  supply  of  Whitman  is  taken  chiefly  from  a  filter  gallery 
upon  the  shore  of  the  pond,  and  the  Board  is  informed  that  the  quantity 
furnished  by  the  filter  gallery  is  not  at  all  times  suflScient  for  the  supply  of 
the  town,  and  the  water  is  sometimes  drawn  directly  from  the  pond. 

While  the  drains  are  designed  for  surface  water  only,  and  are  not 
intended  to  receive  sewage,  yet  the  experience  with  similar  drains  in 
thickly  populated  districts,  especially  where  there  is  no  sewer  system,  has 
shown  that  there  is  danger  that  unpurified  sewage  may  find  its  way  from 
cess-pools  or  from  other  receptacles  for  sewage  or  refuse  matter  into  the 
drains  and  thence  into  the  water  supply  of  the  town. 

The  Board  is  of  the  opinion  that  there  is  danger  that  the  drainage  dis- 
charged from  these  drains  may  be  of  such  a  kind  as  will  corrupt  or  impair 
the  quality  of  the  water  of  the  pond,  upon  the  shore  of  which  your  filter 
gallery  is  situated  and  from  which  a  part  of  your  supply  is  taken  directly, 
contrary  to  the  provisions  of  chapter  80,  section  96  of  the  Public  Statutes. 

Under  existing  conditions,  the  Board  cannot  advise  the  adoption  of  the 
portions  of  the  proposed  plan  which  provides  for  the  discharge  of  drainage 
into  Hobart's  Pond  or  its  tributaries,  and  advises  that  the  matter  be  given 
further  consideration,  with  a  view  to  providing  for  the  disposal  of  the 
drainage  in  such  a  manner  that  it  cannot  have  an  unfavorable  effect  upon 
the  quality  of  your  water  supply. 


Pollution  of  Ponds  and  Streams. 

The  following  is  the  substance  of  the  action  of  the  Board  relative 
to  applications  and  information  received  in  relation  to  the  pollution 
of  streams  and  ponds  during  1896  :  — 

Bradford.  The  water  commissioners  of  Bradford  applied  to  the 
Board,  July  10,  1896,  for  its  advice  relative  to  the  danger  of  pollu- 
tion of  their  water  supply  in  consequence  of  the  existence  of  dwell- 
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ing-houses  on  the  shores  of  Johnson's  and  Chadwick's  ponds,  and 
the  best  mode  of  preventing  it.  The  Board  replied  to  this  appli- 
cation as  follows :  — 

Boston,  Aug.  6, 1896. 

Attention  was  especially  called  to  drainage  from  bouses  on  the  shore  of 
an  arm  of  the  pond,  a  short  distance  above  the  dam  at  its  outlet.  An 
examination  of  the  conditions  here  shows  that  drainage  from  several  bouses 
is  dischai^ed  directly  into  the  pond.  Water  from  the  pond  is  used  by  the 
mills  upon  the  stream  below,  and  under  ordinary  conditions  pollution  dis- 
charged into  this  arm  of  the  pond  is  drawn  out  with  the  water  used  by  the 
mills,  and  at  such  times  there  is  no  danger  of  the  pollution  of  the  water 
supply  of  the  town  of  Bradford  by  sewage  from  these  bouses.  At  times 
when  no  water  is  being  drawn  by  the  mills,  there  may  be  danger  that  pol- 
lution discharged  into  this  arm  would  find  its  way  into  the  main  portion  of 
the  pond. 

Wbile  danger  to  the  purity  of  your  water  supply  from  this  cause  is  re- 
mote, the  Board  considers  that  it  is  desirable  to  avoid  it,  if  possible.  This 
can  be  done  either  by  diverting  sewage  from  the  houses  in  question  to  a 
point  of  discharge  below  the  dam,  or  by  causing  a  constant  stream  of 
water  to  flow  out  of  the  pond  at  all  times  sufficient  to  maintain  a  current 
from  this  portion  of  the  pond  toward  the  dam.  It  is  understood  that  you 
have  already  taken  action  to  prevent  the  threatened  pollution  from  the 
summer  residences  within  the  watershed  of  Johnson's  Pond. 


Ipswich.  The  water  board  of  Ipswich  applied  to  the  Board  of 
Health,  April  25,  1896,  for  the  advice  of  the  Board  relative  to  the 
best  method  of  protecting  its  water  supply  from  pollution  in  conse- 
quence of  the  existence  of  certain  houses  and  stables  on  its  immedi- 
ate watershed.    The  Board  replied  to  this  application  as  follows  :  — 

Boston,  May  6, 1896. 

The  State  Board  of  Health  received  from  you,  on  April  25,  an  applica- 
tion for  advice  with  reference  to  the  protection  of  the  purity  of  Dow's 
Brook  Reservoir,  your  present  source  of  water  supply,  from  pollution  by 
houses  and  barns  located  near  the  reservoir. 

The  Board  has  caused  an  examination  of  the  locality  to  be  made  by  one 
of  its  engineers,  and  finds  that  there  are  about  nine  houses  and  several 
stables  situated  within  a  short  distance  of  the  reser\'oir,  drainage  from 
which  may  enter  the  reservoir  either  directly  or  through  small  water 
coarses  in  the  vicinity  of  some  of  the  buildings,  and  in  some  cases  drains 
were  found  conveying  household  or  stable  drainage  directly  into  the  reser- 


72  STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 

voir  or  a  tributary  water  course.  The  soil  in  this  region  appears  to  con- 
sist largely  of  clay,  and  polluting  matters  discharged  or  deposited  on  the 
ground  may  flow  or  be  carried  by  rain  into  the  reseiToir  or  the  water 
courses  near  by,  the  nature  of  the  soil  being  such  that  water  does  not 
penetrate  it  readily. 

The  Board  is  informed  that  there  are  cases  of  typhoid  fever  in  some  of 
the  houses  near  the  reservoir,  and,  as  drainage  or  sewage  from  these 
houses  may  find  its  way  into  the  reservoir  with  considerable  directness, 
people  using  water  drawn  from  the  reservoir  for  drinking  are  exposed  to 
very  serious  danger  of  infection  with  typhoid  fever. 

In  a  communication  to  the  town  of  Ipswich  relative  to  the  use  of  Dow's 
Brook  as  a  source  of  water  supply,  dated  Feb.  1,  1894,  the  Board  called 
attention  to  the  danger  of  pollution  of  the  water  by  the  farm-houses  upon 
the  watershed  of  the  proposed  reservoir,  and  advised  that  care  should  be 
taken  to  prevent  any  pollution  of  the  water  by  these  farm-houses.  The 
Board  urges  you  to  proceed  at  once  to  prevent  the  further  pollution  of  the 
reservoir  from  this  cause  by  diverting  all  sewage  and  other  objectionable 
drainage  from  these  buildings  away  from  the  reservoir  and  its  tributaries, 
and  disposing  of  it  in  some  suitable  manner,  where  it  will  not  eudanger  the 
purity  of  your  water  supply. 

The  polluting  matter  which  at  present  enters  the  reservoir  tends  to  pro- 
mote growths  of  organisms  in  the  water  by  providing  food  upon  which  these 
organisms  may  subsist,  and  the  removal  of  this  pollution  will  tend  to  im- 
prove the  character  of  the  water  in  this  respect  also. 

Manchester.  The  selectmen  of  Manchester,  being  directed  by 
the  town  to  report  upon  the  best  niethod  of  improving  the  condition 
of  Central  Pond  in  Manchester,  and  a  plan  having  been  reported  to 
the  town  for  cleaning  out  the  pond  and  depositing  the  material  so 
removed  behind  a  retaining  wall  to  be  built  for  the  purpose,  sub- 
mitted the  question  to  the  State  Board  of  Health  for  its  advice,  Oct. 
7,  1896.     The  Board  replied  to  the  application  as  follows  :  — 

fioBToy,  Nov.  9, 1896. 

The  pond  in  question  is  located  in  the  central  village  of  Manchester,  and 
is  formed  by  a  dam  at  the  mouth  of  Sawmill  Brook.  The  dam  is  provided 
with  a  gate  by  means  of  which  the  pond  can  be  emptied  at  low  tide. 
Owing  to  leakage  past  the  dam,  it  is  said  to  be  difficult  to  keep  the  pond 
full  of  water  in  the  drier  months  of  the  year,  and  portions  of  the  shore  and 
bottom  are  consequently  exposed  at  times. 

The  Board  has  caused  an  examination  of  the  pond  and  its  surroundings 
to  be  made  by  one  of  its  engineers,  at  a  time  when  the  water  was  drawn  off 
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so  that  the  condition  of  the  bottom  could  be  seen.  It  appears  that  the 
sewage  from  about  sixteen  buildings,  including  a  small  hotel  and  a  stable, 
is  discharged  directly  into  the  pond,  and  the  bottom  is  covered  with  a  thick 
layer  of  mud  and  organic  matter,  a  portion  of  which  has  evidently  come 
from  the  sewers  and  drains. 

It  is  said  that  the  pond  gives  off  an  offensive  odor  in  the  summer  time, 
particularly  when  the  bottom  and  shores  are  partially  exposed,  and  that 
bobbles  of  gas  rise  to  the  surface  of  the  water  from  the  decomposing 
material  upon  the  bottom. 

By  constiiicting  a  wall  around  the  shores  and  cleaning  the  bottom  of  the 
pond,  as  proposed,  a  partial  and  temporary  improvement  in  its  condition 
would  be  made ;  but,  in  the  opinion  of  the  Board,  to  effect  any  permanent 
improvement  in  the  sanitary  condition  9f  the  pond,  it  is  essential  that  the 
discharge  of  sewage  into  it,  or  any  channel  leading  to  it,  be  discontinued. 
After  the  sewage  has  been  diverted  and  the  mud  and  organic  matter  re- 
moved from  the  bottom,  there  is  still  some  question  whether  so  shallow  a 
pond  can  be  kept  in  unobjectionable  condition  in  the  midst  of  the  village 
without  frequent  repetition  of  the  cleaning  process,  and  if  the  pond  is  to 
be  preserved,  it  may  be  desirable  to  devise  some  means  of  flushing  it  out 
occasionally. 

It  is  desirable  that  the  pond  be  kept  full  of  water  at  all  times,  and  until 
the  discharge  of  sewage  into  the  pond  is  prevented  and  the  organic  matter 
removed  from  its  bottom,  some  relief  from  offensive  odors  may  be  obtained 
by  keeping  the  pond  full,  but  the  sewage  should  be  diverted  as  soon  as 
practicable. 

The  most  favorable  time  for  removing  the  organic  matter  from  the  bot- 
tom of  the  pond,  in  order  that  it  may  give  the  least  offence  to  those  living 
in  the  neighborhood,  would  be  during  the  cooler  weather  of  the  fall  and  in 
the  winter  months. 

The  Board  would  also  advise  that,  in  providing  a  system  of  sewerage 
and  sewage  disposal  for  the  buildings  from  which  sewage  is  now  discharged 
into  the  pond  or  its  tributaries,  you  take  into  consideration  the  whole  ques- 
tion of  sewage  disposal  for  the  town,  in  order  that  any  sewer  or  sewers 
constmcted  for  the  relief  of  this  section  may  form  a  part  of  a  general 
system  for  the  village  when  such  a  system  may  be  necessary. 

North  Adams.  The  board  of  health  of  North  Adams  applied  to 
the  Board,  July  18,  1896,  for  its  advice  relative  to  the  propriety  of 
acquiring  two  &rms  situated  on  the  watershed  of  the  public  supply, 
for  the  purpose  of  protecting  the  supply  from  pollution.  The  Board 
replied  to  this  application  as  follows  :  — 
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Boston,  Aug.  6,  1896. 

The  State  Board  of  Health  has  considered  your  request  for  advice  as  to 
the  acquirement  of  two  farms  and  the  buildings  thereon  within  the  water- 
shed of  Notch  Brook  by  the  city  of  North  Adams,  and  has  caused  an 
examination  of  the  premises  to  be  made  by  one  of  its  engineers. 

The  situation  of  the  buildings  upon  these  farms  is  such  that  the  natural 
drainage  is  into  the  proposed  storage  reservoir  of  the  city  of  North  Adams, 
and  with  present  conditions  there  is  danger  that  the  resen^oir  may  be 
polluted  by  sewage  from  these  farms.  It  is,  therefore,  desirable  that  the 
city  control  them  in  such  a  way  as  to  prevent  the  danger  of  pollution  of 
the  waters  of  the  resen-oir. 

While  it  is  possible,  by  the  construction  of  suitable  vaults  and  cess- 
pools, to  greatly  reduce  the  danger  of  contamination  from  these  buildings, 
efficient  inspection  will  be  necessary  to  accomplish  this  result.  By  causing 
the  abandonment  of  the  buildings,  all  danger  to  the  water  supply  will  be 
removed,  and  this  is  the  best  method  of  preventing  danger  to  your  water 
supply. 


NoRTHFiELD.  The  selectmen  of  Northfield  applied  to  the  Board, 
Nov.  12,  1896,  for  its  advice  relative  to  protecting  the  water  of  Mill 
Brook  in  that  to\\Ti  from  pollution.  The  Board  replied  to  this 
application  as  follows  :  — 

BoBTON,  Dec  10, 1896. 
The  State  Board  of  Health  received  from  you,  on  November  12,  an 

application  with  reference  to  the  protection  of  the  purity  of  the  waters  of 

Mill  Brook,  so-called,  in  the  town  of  Northfield,  a  stream  which  is  used  by 

several  families  as  a  source  of  domestic  water  supply,  and  has  caused  an 

examination  of  the  locality  to  be  made  by  one  of  its  engineers. 

From  this  examination  it  was  found  that  sewage  from  the  Northfield 
Hotel  and  from  houses  in  the  vicinity  was  entering  the  brook  in  such  a 
way  as  to  endanger  the  health  of  persons  using  the  water  for  domestic  pur- 
poses. The  pollution  of  the  stream  by  these  houses  could  be  prevented  by 
diverting  the  sewage  so  that  it  would  not  enter  the  stream  above  the  point 
from  which  water  is  taken  for  domestic  puiposes,  or  by  disposing  of  it 
upon  land,  if  a  suitable  place  of  disposal  can  be  found  in  the  vicinity,  or 
in  some  other  suitable  way. 

Farther  up  stream  there  are  many  houses  situated  near  the  stream,  and 
in  order  to  insure  the  suitability  of  the  water  for  domestic  purposes  it  will 
be  necessary  to  make  such  provisions  for  the  disposal  of  the  sewage  of 
these  premises  that  no  sewage  may  enter  the  stream. 

The  local  board  of  health  can  prevent  this  pollution,  if  satisfied  that 
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the  present  conditiou  of  the  sti*eam  is  a  danger  to  the  health  of  those 
using  it. 

Unless  effective  measures  are  taken  to  prevent  all  sewage  from  entering 
the  stream  9  it  cannot  be  regarded  as  a  safe  source  of  water  supply  for 
domestic  purposes. 

Peabody.  The  water  commissioners  of  Peabody  applied  to  the 
Board,  March  4,  1896,  for  advice  relative  to  the  question  of  taking 
certain  land  lying  upon  the  watershed  of  one  of  their  reservoirs,  for 
the  puq^ose  of  protecting  the  purity  of  the  water.  The  Board 
replied  to  this  application  as  follows :  — 

Boston,  April  2, 1896. 

The  State  Board  of  Health  received  from  you,  on  March  4,  1896,  an 
application  for  advice  with  reference  to  protecting  the  purity  of  the  water 
of  the  reservoir  below  Spring  Pond,  used  as  the  direct  source  of  water 
supply  of  Peabody,  accompanied  by  a  plan  of  a  tract  of  land  on  the 
westerly  side  of  the  reservoir,  which  you  state  has  recently  been  bought  by 
a  company  and  divided  into  lots  which  it  is  the  intention  of  the  company 
to  sell  for  building  purposes.  The  land  in  question  lies  between  Lynn 
Street  and  the  reservoir,  and  its  general  slope  is  from  Lynn  Street  toward 
the  reservoir.  About  half-way  between  the  street  and  the  reservoir,  how- 
ever, there  is  a  small  brook  which  flows  northerly  in  the  vicinity  of  the 
proposed  Woodland  Street,  and  discharges  below  the  reser^•oir.  Close  to 
the  easterly  side  of  the  brook  there  is  a  slight  rise  which  forms  a  divide 
between  the  brook  and  the  reservoir,  and  from  this  divide  the  land  slopes 
directly  to  the  reservoir. 

Should  houses  be  built  upon  the  tract  of  land  between  Lynn  Street  and 
the  brook,  the  surface  drainage  from  this  area  would  naturally  flow  off  in 
the  brook  and  be  discharged  below  the  reservoir ;  but  drainage  from  the 
area  between  the  brook  and  the  reservoir  would  naturally  flow  directly  to 
the  reservoir.  It  would,  therefore,  be  advisable  for  the  town  to  control  at 
least  all  land  between  the  brook  and  the  reservoir,  to  prevent  the  use  of  this 
area  for  any  purpose  that  would  tend  to  injure  the  quality  of  the  water 
supply  of  the  town ;  and  the  channel  of  the  brook  should  be  kept  perma- 
nently open  and  its  waters  allowed  to  discharge  as  at  present,  below  the 
reservoir.  The  desirability  of  controlling  the  land  between  the  brook  and 
Lynn  Street  depends  largely  upon  the  character  of  the  soil  and  the  direc- 
tion in  which  the  ground  water  flows,  concerning  which  no  information  is 
available  to  the  Board.  If  the  soil  is  coarse  and  porous,  and  the 
ground  water  from  this  tract  finds  an  outlet  into  the  resen-oir,  the  sewage 
deposited  upon  this  territory  might  filter  into  the  ground  and  find  its  way 
to  the  reservoir,  and  be  objectionable. 
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Walpole  (Neponset  Reservoir).  A  communication  was  re- 
ceived from  Uriah  W.  Boyden  of  Walpole,  Feb.  7,  1896,  remon- 
strating against  the  proposed  discharge  of  sewage  from  the  Van 
Choate  Electric  Works  of  Foxborough  into  the  Neponset  Reservoir. 
The  Board  replied  to  this  communication  as  follows  :  — 

Boston,  March  6,  1896. 

The  State  Board  of  Health  has  considered  your  communication  with 
reference  to  the  pollution  of  the  Neponset  Reservoir  in  Foxborough  by 
sewage  from  the  Van  Choate  Electrical  Manufacturing  Company's  works, 
and  has  caused  an  examination  of  the  premises  to  be  made. 

It  is  found  that,  while  a  drain  for  the  removal  of  surface  and  ground 
water  from  the  vicinity  of  the  buildings  has  already  been  dug  to  the  Ne- 
ponset Reservoir  and  the  construction  of  a  sewage-disposal  plant  begun, 
the  buildings  are  not  yet  completed  and  are  not  expected  to  be  ready  for 
occupancy  until  next  fall,  so  that  no  sewage  is  at  present  being  discharged 
from  the  works,  and  none  is  likely  to  be  discharged  for  several  months. 

The  attention  of  the  company  has  been  called  to  the  provisions  of  chap- 
ter 375  of  the  Acts  of  1888,  a  copy  of  which  is  enclosed. 

W1LX.IAM8TOWN.  The  attention  of  the  Board  was  called  to  the 
fact  that  a  certain  dwelling-house  in  WilHamstown  was  so  situated 
upon  the  watershed  of  the  water  supply  of  the  town  as  to  constitute 
a  menace  to  the  consumers  of  the  water.  The  Board,  therefore,  sent 
the  following  letter  to  the  WilHamstown  Water  Company :  — 

B08TON,  Not.  13, 1896. 

It  has  been  brought  to  the  attention  of  the  Board  that  there  is  a  dwelling- 
house  situated  near  the  Flora  Glen  Reservoir,  so-called,  one  of  the  sources 
of  water  supply  of  WilHamstown,  which  is  a  menace  to  the  purity  of  the 
water.  The  dwelling-house  in  question  is  located  within  60  feet  of 
the  reservoir,  and  the  arrangements  are  of  such  a  character  that  a  single 
case  of  typhoid  fever  occurring  in  this  bouse  might  at  any  time,  and 
before  the  danger  was  recognized,  seriously  endanger  the  health  of  the 
people  of  Williamstown. 

While  it  appears  that  no  water  has  been  used  from  this  reservoir  for  the 
supply  of  the  town  since  last  August,  and  that  water  is  not  likely  to  be 
used  from  it  again  until  next  summer,  the  Board  would  nevertheless  urge 
that  the  house  in  question,  together  with  any  outbuildings  within  the  water- 
shed of  the  reservoir  be  removed  without  delay  to  some  place  outside  of 
the  watershed,  and  that  any  sewage  or  refuse  matter  that  may  have  been 
deposited  upon  the  ground  about  the  buildings  or  at  any  place  where  there 
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13  dauger  that  it  may  fiud  its  way  into  the  reservoir  be  carefully  removed, 
so  that  the  water  from  this  reservoir  may  with  safety  be  supplied  to  the 
town  at  all  times. 

Wrentham  (Plaixville).  Messrs.  Lincoln,  Bacon  &  Co.  of 
Plainville  applied  to  the  Board,  Nov.  5,  1895,  for  its  advice  rela- 
tive to  the  most  practicable  method  of  preserving  the  purity  of  the 
water  of  Bacon's  Pond,  the  source  of  water  supply  of  the  village. 
The  Board  replied  to  this  application  as  follow  s  :  — 

Boston,  March  6, 1896. 

The  State  Board  of  Health  received  from  you  an  application  for  advice 
as  to  the  most  practicable  method  of  preserving  the  purity  of  the  waters  of 
Bacon's  Pond,  so-called,  in  the  village  of  Plainville,  from  which  water  is 
drawn  for  the  supply  of  the  inhabitants  of  the  village  for  domestic  pur- 
poses. You  state  that  the  town  of  Wrentham  has  recently  constructed  a 
sewer  on  South  Street  in  Plainville,  which  empties  into  Bacon's  Pond,  and 
is  l^elieved  to  be  an  injury  to  the  quality  of  the  water  supply. 

The  Board  has  caused  an  examination  of  Bacon's  Pond  and  its  vicinity 
to  be  made  by  one  of  its  engineers,  and  finds  that  the  condition  complained 
of  is  caused  by  the  construction  of  a  culvert  to  convey  the  drainage  from 
the  east  side  of  South  Street  to  the  west  side,  from  which  it  flows  into 
Bacon* s  Pond.  It  appears  also  that  a  culvert  formerly  existed  at  this 
place,  but  it  is  said  to  have  become  obstructed  before  the  reconstruction  of 
the  road,  which  took  place  last  year.  Water  from  the  east  side  of  South 
Street  has  probably  always  found  its  way  into  Bacon's  Pond,  either 
through  the  old  culvert  or  by  flowing  over  the  street,  and  no  material 
change  has  consequently  been  made  in  the  conditions  which  formerly 
existed. 

The  watershed  of  Bacon's  Pond  contains  a  large  population,  and  many 
of  the  houses  are  in  the  immediate  vicinity  of  the  pond.  In  the  opinion 
of  the  Board,  the  danger  of  pollution  entering  the  pond  and  the  stream 
which  feeds  it  from  the  population  upon  the  watershed  makes  the  water  of 
the  pond  unsafe  for  drinking. 

It  is  feasible  to  divert  the  water  from  the  culvert  into  the  outlet  of  the 
pond,  whereby  its  drainage  area  would  be  reduced  and  the  drainage  from  a 
considerable  number  of  the  houses  on  the  watershed  would  be  diverted  to 
the  stream  below.  There  would  still  remain,  however,  a  large  population 
on  the  watershed  of  the  pond;  and,  in  the  opinion  of  the  Board,  the 
diversion  of  the  water  conveyed  by  this  culvert  into  the  stream  below 
would  not  render  the  pond  a  suitable  source  of  supply  for  domestic 
purposes,  on  account  of  the  lai-ge  population  which  would  still  remain 
apoo  its  watershed. 
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EXPLANATORY  NOTE. 

The  systematic  examination  of  the  water  supplies  of  the  State  was  begun  June  1, 
1887,  and  has  been  continued  up  to  the  present  time.  The  results  of  the  investl- 
gations  made  during  the  first  two  years  were  published  in  a  special  report  of  the 
Board  upon  the  Examination  of  Water  Supplies  (1890),  and  of  those  made  during 
succeeding  years  in  the  annual  reports  of  the  Board  beginning  with  the  1890  (Twenty- 
second  Annual)  report. 

The  special  report  contains  a  description  of  each  of  the  water  supplies  in  the 
State  existing  at  the  date  of  that  report,  and  the  annual  reports  contain  descriptions 
of  new  works  and  changes  in  existing  works. 

In  all  of  these  reports  an  alphabetical  arrangement  by  towns  has  been  adopted. 
Sources  of  water  supply  are  tabulated  under  the  name  of  the  town  supplied,  other 
waters  under  the  name  of  the  town  in  which  they  are  situated.  The  analyses  of 
water  from  the  larger  rivers  not  used  as  sources  of  water  supply  are  given  in  a  sub- 
sequent tabulation,  headed  **  Examination  of  Rivers." 

The  method  of  making  the  chemical  examinations  remains  unchanged,  and  the 
results  are  presented  in  the  tables  of  this  report  in  the  same  form  as  in  the  last  one. 

The  samples  of  water  are  usually  received  at  the  laboratory  flrom  twenty-four  to 
forty-eight  hours  after  collection.  All  surface  water  and  such  samples  of  ground 
water  as  contain  suspended  matter  are  filtered  through  filter-paper  before  determin- 
ing the  color,  the  residue  on  evaporation  and  the  albuminoid  ammonia  in  solution. 
Some  ground  waters  which  are  perfectly  clear  and  colorless  when  drawn  from  the 
ground  become  turbid  and  colored  on  standing,  in  consequence  of  the  oxidation  of 
the  iron  which  they  contain.  In  these  waters  the  residue  on  evaporation  is  deter- 
mined without  filtration,  since  this  iron  is  an  essential  and  not  an  accidental  ingre- 
dient in  the  water.  In  the  changes  which  accompany  the  oxidation  of  the  iron  in 
waters  of  this  character,  they  become  first  cloudy  (well  described  by  the  word 
mOky)  and  finally  deposit  a  precipitate  of  oxide  of  iron.  In  the  cloudy  condition 
they  have  a  distinct  color,  which,  while  it  does  not  have  the  same  significance  as  in 
the  case  of  surface  waters,  and  is  only  a  passing  phenomenon,  is,  nevertheless,  of 
Interest  as  showing  a  color  which  the  water  may  assume  while  the  oxidation  of  the 
iron  is  In  progress.  When  the  iron  is  all  oxidized  and  precipitated  the  water  may 
become  colorless  again.  In  some  cases,  however,  the  iron  occurs  in  combination 
with  organic  matter,  forming  a  much  more  stable  body.  In  such  cases  the  water  Is 
of  a  brown  color  when  first  drawn  from  the  ground,  and,  while  the  iron  begins  to 
oxidize  soon  after  the  water  Is  exposed  to  the  air,  the  process  goes  on  slowly  and 
the  water  may  remain  colored  and  Iron  continue  to  precipitate  for  a  long  time. 
Explanatory  notes  will  be  given  in  connection  with  the  tables  of  analyses  for  waters 
containing  iron. 

The  color  of  water  Is  expressed  by  numbers  which  increase  with  the  amount  of 
color.    The  standard  used  Is  nesslerlzed  ammonia,  as  described  on  page  531  of  the 
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Special  Report  upon  the  Examtnation  of  Water  Supplies,  1890,  and  on  page  329  of 
the  Annual  Report  for  1892.  Boston  water,  as  drawn  fk'om  a  tap  at  the  Institute  of 
Technology,  had  an  average  color  in  1896  of  0.49.  Other  water  supplies  in  the 
State  have  had  an  average  color  of  from  0  to  1.84. 

In  cases  where  examinations  of  a  source  have  been  made  with  regularity  for  sev- 
eral years,  the  averages  of  the  chemical  analyses  of  each  year  are  given. 

There  was  no  change  in  the  method  employed  in  the  microscopical  examination 
of  water  between  Nov.  6,  1890,  and  Dec.  1,  1896.  The  method  employed  between 
those  dates  is  fully  described  in  the  Twenty-third  Annual  Report  of  the  Board  for 
the  year  1891  (pages  895-421).  Before  Nov.  6,  1890,  the  methods  employed  were 
less  perfect,  so  that  a  smaller  proportion  of  the  total  number  of  organisms  present 
in  the  water  was  separated  from  it  and  observed  under  the  microscope;  and,  before 
drawing  conclusions  from  a  comparison  of  the  microscopical  examinations  of 
waters  made  before  and  after  this  date,  the  explanatory  note  on  page  70  of  the 
Twenty-second  Annual  Report  for  1890  should  be  read. 

Since  Dec.  1,  1895,  the  method  for  the  microscopical  analysis  of  water  has  been 
considerably  Improved  by  discarding  the  ordinary  glass  Ainnels  previously  employed, 
and  substituting  ftinnels  which  have  been  constructed  with  stems  of  equal  calibre, 
to  give  equal  rates  of  filtration,  and  with  steeper  sides,  so  that  those  organisms 
which  are  of  a  gelatinous  character  will  be  less  liable  to  adhere  to  the  sides  of 
the  funnel.  By  the  use  of  these  funnels  variations  in  the  numbers  of  organisms 
found,  which  may  be  caused  by  dissimilar  slopes  of  th^  sides  of  the  funnels  and 
unequal  rates  of  filtration,  are  avoided. 

To  indicate  the  amount  of  the  so-called  Zodgloea  observed,  the  number  of  indi- 
vidual masses  is  not  counted,  but  an  area  equal  to  2,500  square  microns,  or  .0025 
square  millimeters,  has  been  adopted  as  an  arbiti'ary  unit. 

In  publishing  the  results  of  the  microscopical  examinations  the  same  system  is 
.followed  as  last  year.  The  plants  observed  are  classified  in  four  groups,  viz.: 
Diatomacese,  CyanophycesB,  Alges  and  Fungi.  The  animals  observed  are  grouped 
as  Rhizopoda,  Inftisoria,  Vermes  and  Crustacea. 

The  names  of  the  different  genera  in  each  group  are  given  with  the  numbers  of 
each  per  cubic  centimeter,  except  that,  to  avoid  making  the  tables  excessively  long, 
they  are  omitted  when  present  only  in  very  small  numbers.  It  is  not  feasible  to 
make  with  regard  to  omissions  a  single  rule  which  will  apply  to  all  cases,  because  it 
is  desirable  to  include  smaller  numbers  of  animals  than  of  plants,  and  of  the  larger 
animals  than  of  animals  generally.  Moreover,  there  are  exceptional  cases  in  which 
it  is  desirable  to  indicate  the  presence  of  even  very  small  numbers  of  the  more  im- 
portant plants  or  animals.  Two  general  rules,  however,  have  been  adopted  in 
printing  the  results,  viz. :  — 

1.  All  genera  of  plants  are  included  in  which  the  total  number  observed  averages 
as  much  as  0.5  per  cubic  centimeter  per  month. 

2.  All  genera  of  animals  are  included  in  which  the  total  number  observed  averages 
as  much  as  0.1  per  cubic  centimeter  per  month. 

The  larger  microscopic  animals,  such  as  some  of  the  Crustacea,  are  included, 
even  when  present  only  in  very  small  numbers. 

Fractions  are  generally  omitted  from  the  table,  the  nearest  whole  number  of 
organisms  per  cubic  centimeter  being  given.  Where  the  number  observed  is  0.5  or 
less,  the  fact  that  the  organism  was  present  is  usually  indicated  by  the  abbreviation 
*'  pr.,"  but  in  the  case  of  the  larger  organisms  very  small  fractions  are  given. 
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Wateh  Supply  of  Abikqton  and  Kocklaiid. 
Chemical  Examinaiion  of  Waler  from  Big  Sandy  Pond,  Pembroke. 
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Acton. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Acton 
with  reference  to  taking  water  for  a  public  water  supply  from  the 
ground  is  the  westerly  part  of  the  town  may  be  found  on  pages  9 
and  10  of  this  volume.  Analyses  of  samples  of  water  collected  from 
teat  wella  in  this  locality  may  be  found  on  page  78  of  the  annual 
report  for  1895. 

The  advice  of  the  Board  to  citizens  of  East  Acton  with  reference 
to  taking  water  for  the  supply  of  that  village  from  the  water  works 
of  the  town  of  Concord  may  be  found  on  page  10  of  this  volume. 

Wateb  Supply  op  Adahs  Febe  Dibtbict,  Adahs. 
In  1895  a  contract  was  made  with  the  Adams  Power  Company  to 
famish  an  auxiliary  supply  of  water  to  the  Fire  District  from  tubular 
wells  situated  at  the  Zylonite  Works  in  the  valley  of  the  south 
branch  of  the  Hoosac  River,  below  Adams.  Water  from  thia  scarce 
is  pumped  directly  into  the  distributing  system  at  times  when  the 
yield  from  the  other  sources  is  insufficient  for  the  supply  of  the 
town.  An  analysis  of  a  sample  of  water  from  one  of  these  wells 
may  be  found  on  page  81  of  the  annual  report  for  1895. 
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ADA.MS. 

Otemical  Exammaiion  of  Water  from  Dry  Brook  Reservoir  in  Adams  and  Cheshire. 
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Chemical  Examination  of  Water  from  Tubular  Wells  supplying  Open  Basins 
near  Main  Street. 
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(^tmicai  Examination  of  Water  ftatm  TlUrty-six  Tubular  Wells  near  Market  Street. 
[Ptau  p*r  100,000.] 
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Chemical  Examination  of  Water  from  Tubular  Z%s<  WelU  in  Amesbury. 
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Chemieai  Examination  of  Water  from  KimbalPi  Pond,  Ameabury. 
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Water  Supply  op  Ahdoter. 
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abunoton. 

Water  Supply  of  Arlinqton. 

CAemtcoI  ExamiwUion  of  Waier  Jrom  the  Storage  Reservoir  of  the  Arlington 

Water  Works. 
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Chemical  Examination  of  Wattrfrom  Tubular  Wells  at  Bast  Lexington. 
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Microscopical  Examination. 

Th<  avanga  onmbar  of  ctganlama  per  enbla  caoUisater  foDDd  In  I 
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ASHBUBNHAM. 

ASHB  DUNHAM. 
Chemical  ExamincUian  of  Waierfrom  Upper  Naukeag  Pond,  Aahbumham. 

[PbtU  par  lOO.OOO.J 
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Mieroseopieal  Examination. 


I«*M  M  (olloira^  Xo. 


Ashland. 
The  advice  of  the  State  Board  of  Health  to  the  towo  of  Ashland 
relative  to  taking  water  from  the  ground  in  the  valley  of  the  Sud- 
bury River  west  of  the  town  for  the  purpoaes  of  a  public  water 
supply  may  be  found  on  pages  10  and  11  of  thia  volume. 
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ASHl.A}n>. 

Chemical  Examination  of  Water  from  a  Ttdmlar  Test  Wai  in  the  Vatley  of  the 
Sudbury  River  in  dihland. 

[Put*  pw  100,1)00.] 
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Mieroseopieal  Examination. 


Wateb  Supply  op  Athol. — Athol  Wateb  Compakt. 
Chemical  Examination  of  Water  fivm  the  Large  Reaervoir  in  Phillipston. 
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ATHOL. 

Microscopical  Examination  of  Water  from  the  Large  Reservoir  in  PhiUipston. 

[Nnmber  of  orgmoisiiM  p«r  oablo  ctntimeter.] 
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ATHOIi. 

Chtmieal  Examination  oj  Waier  from  NewUm  {Buekman  Brook)  Betervoir  and 
its  Tributaries  in  AlAot. 

(PhU  par  100.000.] 
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Watbe  Supply  op  Attlebohodgh. 
Chemieta  Examination  of  Water  from  the  Well  of  the  AUleborough  Water  H 
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ATTLEBOBOUGH. 

Otemicai  Examinaiion  of  Water  from  ike  Well  of  the  MtUborough  Water  Worki 

—  Concluded. 

Averagei  by  Fears. 

[Put*  per  ioo,om.] 
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Mieroteopical  Examination. 


Chemieal  Examination  of  Water  from  Orr's  Spring,  AUteborough. 

[pBita  per  100,000.] 
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Water  Supply  of  Afeb. 

Chemiaat  Examination  of  Water  from  the  Well  of  the  Ayer  Water  Works. 

[Put!  p«  loo^ooo.] 
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Mieroicopical  Examination. 


Water  Sufplt  op  Baree.  —  Barbe  Water  Company. 

Chemical  Examination  of  Water  /rvm  the  Setervoir  of  the  Barre  Water  Company. 

[Part*  par  100.000.] 
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BABBE. 

Microscopical  ExamituUion  of  WcUer  from  the  Reservoir  of  the  Barre   Water 

Company. 

[Namber  of  o^fuilBmi  per  cable  centimeter.] 
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Water  Supply  of  Belmont. 

(See  Watertown.) 


Water  Supply  of  Beverly. 


(See  Salem.) 
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BlIXERICA. 

Chemicai  Examination  of  Water  from  Tubvtar  Tt»l  WeU»  in  BHUrica. 


Pmrt.  pal  100,000.} 
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Mieroacopieal  ExaminaUott. 

No  organlima. 

Watek  Supply  op  Boston. 

In  1896  the  town  of  Natick,  the  densely  populated  portion  of  which 
ia  situated  within  the  watershed  of  Lake  Cochituatet  completed  a 
system  of  sewage  disposal,  and  a  few  connectioas  with  the  sewers 
were  made  in  the  latter  part  of  the  year.  The  sewage-disposal  area 
is  close  to  that  used  by  the  town  of  Framingham  for  a  similar  pur- 
pose, and  outside  of  the  limits  of  the  Sudbury  and  Cochituate  water- 
sheds. 

Works  have  also  been  completed  for  the  filtration  of  drainage 
flowing  from  the  underdrain  of  the  Framingham  sewer  system,  which 
was  formerly  discharged  into  one  of  the  tributaries  of  Lake  Cochit- 
uate. A  filtration  area  for  the  disposal  of  this  water  has  been  pre- 
pared not  far  from  the  sewage  pumping  station  and  within  the 
Cochituate  wateri^hed.  The  drainage  may  also  be  diverted  into  the 
sewage-receiving  reservoir  at  the  pumping  station  and  disposed  of 
in  connection  with  the  sewage,  and  a  portion  of  the  drainage  has 
been  disposed  of  in  this  way. 

Work  incidental  to  the  construction  of  Dam  No.  5  and  the  prepa- 
ration of  the  large  area  of  ground  to  be  flowed  by  this  reservoir  has 
unfavorably  affected  the  quality  of  the  water  of  Stony  Brook  and 
Reservoir  No.  3,  as  in  the  two  previous  years,  and  the  use  of  water 
from  Reservoir  No.  3  has  been  avoided  as  far  as  possible. 
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ScDBDRr  Rn-BR  Supply.  —  Chemical  Examination  of  Water  from  Indian  Brook, 
at  Bead  of  Seservoir  No.  6,  Bopldnton. 
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BOSTON. 

Sl'DUCRY  River  Scpplt.—  Chemical  Examination  of  Water  from  Reservoir  No.  6, 
Ashland,  ooUecled  near  the  Surface. 

[Puto  p*r  100,000.] 
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BOSTON. 

ScDBCRr  RiTER  SUPPLT. —  Chemietd  Examination  of  Water  fro\ 
No.  6.  Ashiand.  eoUetUd  near  the  Bottom. 
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SL'Dbobi  River  Supplt. — Microscopical  Examination  of  Water  from  Reterooir 
No.  8,  Aikland,  colUcitd  near  the  Bottom. 
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BOSTON. 

Sddbubt  Rives  Scpplt.—  Chemical  Examination  of  Water  from  Cold 
Srvok,  at  Bead  of  Sesercoir  Xo.  4,  Athland. 
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Sddburt   River  Supply. —  Chemical  Rxamination  of    Water  from  Betervoir 
So.  4,  Ashiand. 
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BOSTON. 

SfDULRY  River  Scpplt. —  Xieroseopieal  Examination  of  Water  from  Bestrvoir 
Jfo.  4,  Ashland. 

[Nnmtxr  of  -aiganiimn  psi  cubic  MDUnaln.] 
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SuDBURT  £irE&  SCPPLT.  —  Chemicoi  Bxaminalion  of  Water  from  Reservoir 
No.  4,  Athland,  cotleeled  near  the  Bottom. 

[Put*  par  100,000.] 
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Mystic  Supply.  —  Chemical  ExamituUion  of  Water  Jrom  Myttic  Lake. 
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BOSTON. 

Table  showitig  MoiUhly  Heights  in  Feet  above  Tide-marsh  Level  of  the  Water  in 
the  Lakes  and  Storage  Bescrvoirs  of  the  Boston  Water  Works^  from  which 
Samples  of  Water  were  collected  during  iM  Year  1896, 
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Water  Supply  of  Bradford, 

Works  for  supplying  the  town  of  Bradford  with  water  from  John- 
son's Pond,  in  the  towns  of  Boxford  and  Groveland,  were  completed 
in  March,  1896,  and  the  former  sources  of  supply,  consisting  of  wells 
on  Porter's  Island  and  the  southerly  shore  of  the  Merrimack  River 
below  Bradford  and  Haverhill,  were  abandoned  on  account  of  the 
poor  quality  of  the  water.  The  deterioration  of  the  water  of  these 
wells,  as  shown  by  chemical  analyses,  has  been  noted  in  the  previous 
reports. 

Johnson's  Pond,  the  new  source  of  supply,  has  an  area  of  222 
acres,  a  maximum  depth  of  32  feet  and  an  average  depth  of  14  feet. 
Its  total  capacity  is  about  1,000,000,000  gallons.  The  shores  of 
the  pond  and  a  large  portion  of  the  bottom  are  sandy.  In  the 
deeper  portions  the  bottom  is  said  to  be  muddy,  but  the  area  of 
muddy  bottom  is  said  to  be  small  compared  with  the  total  area  of 
the  pond.  The  area  of  the  watershed,  as  measured  on  the  State 
map,  is  about  4.9  square  miles,  including  the  area  of  the  pond  and 
of  Chadwick's  Pond,  which  is  included  within  the  watershed.  The 
watershed  is  for  the  most  part  high  gravelly  )and,  with  a  very  limited 
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area  of  awamp  land,  and  the  population  on  the  waterahed  ia  email 
in  comparison  with  its  area.  Several  houses,  occupied  for  the  most 
part  in  the  summer  season,  are  located  near  the  shores  of  the  pond, 
and  the  advice  of  the  State  Board  of  Health  with  reference  to  the 
protection  of  the  purity  of  the  water  supply  from  danger  of  pollution 
by  these  houses  may  be  found  on  pages  70  and  71  of  this  volume. 

Cheiaieal  Examinalion  of  WaUrfrom  the  WelU  of  the  Bradford  Water  Worts. 

[Pwu  pu  lOO.DM.] 
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Microtcopical  Examination  of  Water  Jirom  Johnson's  Pond  in  Boxford  and 
Oroveland—  Concluded. 

[NnmlMr  of  orfuiluiu  p«  ooUo  eoatlmatar.] 
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Watek  Sufplt  of  Bkaiktbee. 
The  advice  of  the  State  Board  of  Health  to  tho  towo  of  Braintree 
relative  to  increasing  the  water  supply  of  the  town  by  taking  water 
from  tubular  wella  located  on  the  shore  of  Little  Pond,  a  short 
distance  north  of  the  present  filter-gallery,  may  be  found  on  pages 
11  to  14  of  this  volume.  Analyses  of  samples  of  water  from  the 
filter-gallery  and  from  tubular  test  wells  along  the  easterly  shore  of 
the  pond,  near  the  filter-gallery,  are  given  in  the  following  tables :  — 

Chemieat  Examinaiion  of  Water  from  Che  FiUer-gallery  of  Ihc  Braintree  Ifoter 
Workf. 
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(Aemieai  Bxaminalion  of  Water  from  Tubular  Test  WelU  ntar  LitU«  Pond, 


(Piru  per  100,000.] 
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Watkb   Supply   op  Bbidobwateb   and  East    Bshmiewateb.  — 

The  Bbidobwatbrs  Watbb  Cohpant. 

Chemical  ExamfnaHon  of  Water  from  the  Well*  oj  the  BridgewaUrx  Water  Company. 

[P>na  par  100,000.) 
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Wateb  Sdpplt  of  Brockton. 
In  connectfoD  with  ah  ioTeBtigation  with  reference  to  an  additional 
water  sapply  for  the  city  of  Brockton,  samples  of  water  from  several 
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ponds  and  streams  in  towns  in  the  vicinity  of  the  city  have  been 
analyzed.  For  the  results  of  the  analyses,  see  Abington,  Hanson, 
Pembroke  and  Kingston. 

Chemical  Examittalion  of  Water  from  Saliaimry  Brook' Storage  Beservoir. 

[Parti  par  100^.) 
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Microscopical  Examination  of  Water  from  StUitbury  Brook  Storage  Setervoir. 

[KninlMr  of  oT|u>tuu  per  aoblc  eaitl»gMr.] 
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Table  showing  Htight  of  Water  in  Baiisbuty  Brook  Storage  Retervoir,  Brockton, 
on  Uu  Firtl  Day  oj  Each  Month  in  1896. 

[HOTB.— HlghiTBtaT  mark  li  14.U  feal.) 
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Gtemieat  Examinalion  of  Water  Jrom  Underdraint  beneath  the  Sewera  at 
Brockton. 
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Water  Sdpplt  op  Brooelihe. 

Chemicai  Examination  of  Water  Jivm  a  Fauui  at  th«  Low-tervice  Pumping 
Station  of  the  Brookline  Water  Works. 

[PmrU  pw  100,000.} 
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Chemical  Uxaminalion  of  Walerjrom  the  Covered  Reservoir  of  the  Brookline  Water 
Works. 

[Pslta  per  IM.QOt.] 
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Chemical  Examination  of  Water  from  Charles  Biver,  opposite  the  Filter-gallery  oj 
the  Brookline  WaUr  Works  at  West  Boxbunf. 

[Paru  per  100,000.] 
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Water  Sdpply  op  Cambridqe. 
(^emical  Examination  of  Water  from  Fresh  Pond,  Cambridge. 

[Putt  par  loo.ooo.] 
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CAHBBmOE. 

MieroseopieaX  Examination  of  Water  from  Fresh  Pond,  Cambridge. 
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CAHBBIDGE. 

CAmrieo/  Examination  of  Water  from  Stony  Brook  Storage  Reatnoir,  Waltham. 
(Put!  par  100,000.] 
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CAMBRIDGE. 

Microncopieat  Examination  of  Water  from  8Umy  Brook  Storage  Be*ervoir, 
Wallham. 
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'  CAMBBIDGB. 

Cbanieal  Examination  of  Water  from  Sobbs  Brook,  at  Winter  Street,  Wattham. 

tPmrt.pnlOD.000.] 
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CAMBBIDOB. 

TMlt  Showing  Heighis  of  Water  in  Fresh  Pond  and  Stony  Brook  Storage  Beaer- 
voir  on  the  Firit  Day  of  Each  Month  in  1S96. 
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Chemical  Examinalion  of  Water  from  the  Wells  of  the  Canton  Water  Works. 

(Parti  per  100,000.] 
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cheshirb. 

"Wateh  SuppLr  OF  Cheshibe.  —  Cheshire  Water  Company. 

Chemical  Examination  of   Water  from    the  Beservoir  of  the   Cheshire    Water 

Company. 

[Pwto  p«T  100,000.] 
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Watbk  SnppLT  OF  Chester. 

Chemical  Examittation  of  Water  from  the  Austin  Brook  Beservoir  of  the  Chester 
Water  Works. 
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chicopee. 

Wateh  Supply  op  Chicopee. 

Chemical  Examination  of  Water  from  Cootey  Brook  Seserooir,  Chicopee. 

[P*ru  per  lOO.Mm.] 
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CHICOPBB. 

Chemical  Examination  of  Water/nmt  Dingle  Brook  Reservoir,  Chieopee. 
[P*t(a  par  I<»,ooo.] 
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Chemical  Examination  of  Water  from  (Ae  Powderhorn  Brook  Beserooir,  Chieopee. 

[P>rup«T  100,000.] 
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Water  Supplt  op  Clinton. 
(^emical  Examinaliott  of  Water  fivm  a  Fauoel  in  Clinton. 

(P>ru  p«r  KO.DOO.] 
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ChemiciU  Examination  of  Water  f^om  Beywocd't  Pond,  Sterling. 
[P*rt>  per  100.000.  J 
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COHA88ET. 

Wateb  Supply  op  Cohasset.  —  CJohasset  Water  Compakt. 

The  advice  of  the  State  Board  of  Health  to  the  Cohasset  Water 
Company  relative  to  takiog  an  additional  supply  of  water  from 
wells  located  in  the  vicinity  of  a  small  brook  west  of  Sohier  Street 
in  that  town  may  be  found  on  pages  14  and  15  of  this  volume. 


Otemioal  Examination  of  Water  from  the  Ihtbular  Wells  of  Che  Cohatset  Water 
Company. 
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COHASSET. 

Chemical  Examiruttion  of  Water  from  Tubular  Test  Wells  in  CohoMet. 

ir«ru  per  100,000.] 
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Chemical  Examitialion  of  Water  from  Sandy  Pond,  Lincoln. 
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COTTAGE  crrr. 
Water  SoppLr  op  Cottage  Citt.  —  Cottage  City  Wateb 
CoMPAwr. 

Chemieai  Examination  of  Waier  from  the  Springs  of  the  Cottage  CUy  Water 
Company, 
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Chemical  Examination  of  Water  from  Die  Loictr  Reservoir  on  Egypt  Brook. 
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DALTON. 

Chemical  Examination  of  Water  ftim  U«  Tipper  Bettrvoir  on  Egypt  Brook. 

[PuttpstlOO.OM.] 
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Chemicat  EzaminaUon  of  Water  from  the  Well  of  the  Dtdham  Water  Company. 
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east  bbcdgewateb. 
Watee  Supplt  op  East  Bridgewateb. 


Water  Sdpplt  op  Eabthampton. 

Chemical  SxamiTtation  of  WaUrfivm  BmhU  Brook,  Easthamplon. 
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Ckemieat  ExamiiMtion  of  Water  JivmlAe  Well  of  Iht  North  Easton  Village  DiatTict. 
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EVKBETT. 

Wateb  Supply  op  Evehett. 

(See  Botlon,  Mystic  Works.) 
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Watbk  Supply  of  FAraHAVEN.  —  Faiehaven  Wateb  Compant. 

Chemieal  Eaaminalion  of  Water  from  the  Titular  Wells  of  (Ac  FatriMvert  WaUr 
Company. 
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FAI.I.  BIVEH. 

Water  Sopplt  or  Fall  Rivbb. 

Chemieal  Examination  of  Water  from  North  Watuppa  Lake. 

[PiiUp«iioa,OM.] 
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FALL  BTVEB. 

Chemical  Examinalion  of  Water  from  North  Watuppa  and  South  Waiuppa  Laka 
in  Fall  River  and  Wtstport. 

[PmiU  pN  IIM.OOO.] 
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FAXr.  BIVBR. 
Chemieal  Examinaiitm  of  Water  from  Stafford  Pond,  in  Tiverton,  R.  I.,  and  from 
Savjdy  and  Dtvol  Ponds,  in  WeUport. 
[Put!  p«i  liw,ooo.} 
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Mieroioopical  Examination  of  Water  firom  Stafford  Pond,  in  THverlon,  R.  I.,  and 
from  Bawdy  and  Devol  Fundi,  in  Weatport. 
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FALI.  RIVEn. 

Chemical  Ej^aminaHon  of  Water  from  the  Qutguedtan  Biver  al  Fall  Miver. 
[p.rt*p«rioo,o«i.] 
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Chemical  Examination  of  Water  from  8coU  Retervoir,  J 

[PmU  par  100.000.] 




■3 

1 







] 



— - 

1 
1 



Appumuci. 

^"iwit"' 

AmioiiiA. 

" 

f 

I 

. 

j 

11 

1" 

1 

j 

1 

i 

1 

i 

J 

1 

1 

imr 

ISM. 

ysr.34 

Aug-IB 
Ngi.lJ 

Dlitlnst. 

Sllgbl. 

DUllDSI. 

euibt. 

Blight. 
Ccn... 

.10 

.oa 

3.» 

O.-Bl 
0.«6 

.DOM 

.oooa 

.0113 
-OlM 

'l 

OOSf 
.OOK 
.00« 

u 
.11 

IS 

-OOOO 

-OOOO 

.0000 

M 
.« 

" 

::: 

Averaget  by  Tean. 


- 

1«S8 

it9a 
iwt 

IMl 

ini 

1W4 

1S» 
ISM 

* 

'_ 

.aa 
.11 

.N 

.10 

.la 

.H 

.le 

.11 

a.U 

i.ai 

O.TB 

.OMO 

.01 S  J 

.0110 

.OIB! 

z 

QOK  .18 
00*9 '.19 

.0010.0001 
.OOM.OOOI 

.« 

M 

0.1 

Df  tlia  otlitn,  *«g*labla  or  monldT.— 


No.  84.]     EXAMINATION  OP  WATER  SUPPLIES. 


151 


FirCHBUBG. 

Microscopical  Examination  of  Water  from  Scott  Reservoir^  FUchhurg, 

[Number  of  orgaoUma  per  oubio  centimeter.] 
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SITCHBUBO. 

Chemical  ExambMlton  of  Water  frtm  lfuting-hou»e  Pond,  WettmiiuUr. 

[Farta  par  100,000.] 
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WlTKR  SUPPLT  OP  FrAMINOHAH. 
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FRAHINQHAH. 

Chemical  ExavtineUion  of  Water  from  a  Faucet  in  South  Framingham,  ntpplied 
from  the  Works  of  lite  Framingham  Water  Company. 
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FRAMINGHAM. 

Chemical  Examination  of  Water  from  Che  Underdrain  beneath  the  Sewer»  at 
Framingham. 
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frajikun. 
Wateb  Supplt  op  Franklin. — Franklin  Water  Company. 
The  reply  of  the  State  Board  of  Health  to  an  application  from  the 
selectmen  of  Franklin  with  refereace  to  thequalttyof  the  water  sup- 
plied by  the  Franklin  Water  Company  may  be  found  on  pages  15-17 
of  this  volume.  Analyses  of  samples  of  water  collected  during  the 
investigation  made  by  the  Board  are  given  in  the  following  tables :  — 

CKemteo^  Examination  of  Wafer  ftwn  the  Wells  of  the  Franklin  Water  Company. 
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FRAIIKLIlir. 

Chemical  Examination  of  WaUr  from  Mine  Brook  in  Franklin. 
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QW>nCESTER. 

"Watee  Supply  op  Gloucester. 

Chemical  Examination  of  Water  from  Dike's  Brook  Storage  Besfrvoir,  Olouceater. 

[Pbiu  par  1I»,«I0  ] 
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GRAFTON. 

Wateh  Sofplt  of  Grafton.  —  Geatton  Water  Compant. 

Ckemicol  Examination  of  Water  from  the  FiUer-gallert/  of  the  Orafton  Water 

Company. 
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HABTABD. 

Habvard. 

Tbe  advice  of  the  State  Board  of  Health  to  Messrs.  Hildreth  Bros, 
of  Harvard,  with  reference  to  a  proposed  water  supply  for  a  factory 
and  a  few  dwelling-houses  in  that  town,  may  be  found  on  pagee  17 
and  18  of  this  volume. 


Chemical  Examination  of  WaUrfrvm  a  Tubutar  Well  n 
Brot^  in  Sarvard. 
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Mieroteopical  Examination. 


Water  Supplt  of  Hatfield. 

Population  in  1895,  1,262.  The  works  are  owned  by  tbe  town, 
and  were  completed  in  August,  18i^6.  The  source  of  supply  is  Run- 
ning Gutter  Brook,  in  the  westerly  part  of  tbe  town,  on  which  a 
small  storage  reservoir  has  been  constructed.  Water  is  conveyed 
to  the  village  of  Hatfield  by  gravity  through  four  miles  of  eight- inch 
cast-iron  pipe.  Tbe  watershed  of  the  reservoir  is  largely  wooded, 
and  contains  no  dwelling-houses.  The  reservoir  was  prepared  for  the 
storage  of  water  by  removing  all  tbe  organic  matter  from  tbe  aides 
and  bottom.     Service  pipes  are  of  galvanized  iron. 

The  advice  of  the  State  Board  of  Health  to  tbe  town  of  Hatfield 
relative  to  taking  water  from  Field's  Brook  to  supply  that  portion  of 
the  town  known  aa  North  Hatfield  may  be  found  on  page  18  of  this 
volume. 
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Chemical  Examinatitm  of  Water  from  the  Beaervoir  of  the  Hatfield  Water  Works. 
[Pu(ip«riDa,DiM.] 
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Chemical  Examination  of  Water  from  Field's  Brook,  Balfield. 

[Putt  par  100,000.] 
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Water  Supply  op  Haverhill. 
Chtmical  Examinaiion  of  Water  from  Crystal  Lake,  Saverhill. 

[Part*  p«r  lOa.lKOO 
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UATBBHILL. 

Chemieal  Examination  of  Water  from  Eenosa  Lake,  ffaverhili, 

{Put!  par  100,000.] 
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H&VEBHII.L, 

JUicnscojiical  Examittation  of  Water  from  Kenoxa  Lake,  BaverhiU. 

[KumbBr  of  oigMolMioi  par  CDtle  MDUmMar.] 
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nAVERHILL. 

Chemical  Examination  of  Water  from  Lake  SaUonatall,  HaierMU. 
[Pvw  p«r  100,000.] 
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HATBBHIIX. 

Chemical  Examination  of  Water  Jrirm  Lake  Penitieket,  BaverhiU. 

[Put*  pw  100,000.] 
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(^emicai  ExaminaUtm  of  Water  from  Eaal  Meadow  River  at  its  BiUroMt  into 
Millvale  Eeiervoir,  Haverhill. 

[ParU  par  100,000.} 
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Cktmieal  Examination  of  Water  Jrom  ititlvale  Sturvoir  on  East  Meadtno  Siver, 

BaverhiU. 
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HAVEBHIIX. 

Microscopical  Examination  of  Water  ftom  Millvale  Seaervoiron  East  Meadoto 
Siver,  Baverhill. 
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Tofile  showing  the  Eeigkia  of  Water  in  the  Lakes  of  the  Haverhill  Water  Works 
on  the  Firal  of  Each  MoiUK  in  1898. 
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HAVERHILL. 

TaiU  ahowiiig  lAe  Heights  of  Water  in  the  Lakes  of  the  Haverhill  Water  Works  on 
the  First  of  Each  Month  in  1898  ~Conc\aded. 
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The  advice  of  the  State  Board  of  Health  to  the  Haverhill  Real 
Estate  Improvement  Company,  with  reference  to  the  use  of  water 
from  a  well  situated  under  a  building  owned  by  the  company,  may 
be  found  on  pages  18  and  19  of  this  volume.  Analyses  of  samples 
of  water  taken  from  the  well  at  different  times  are  given  in  the  fol- 
lowing table :  — 

Chemical  Examination  of  Water  fivm  the  Well  of  the  Real  Estate  Improvement 
Company,  Baverhill, 
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hinoham  and  hull. 
Watbb  Supply  op  Hinohah  and  Hull. — Hikohah  Water 

COMPANT. 

Chemical  Exammation  of  Water  from  Accord  Pond,  Singham. 

[FuU  par  lOO^OOO.] 
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HmOHAH  AND  HUU.. 

(^emietU  Examination  of  Water  from  Fulling  Mill  Pond,  SitighaTn, 

[Put*  p*t  1011^001).] 


•s 

1 

E?lpo»i-" 

A«.OM>^. 

^ 

S  moats 

1 

i 

1 

1 

i 

j 
P 

1 

i 

1 

1 

1 

1 

^i 

1 

1 

IKOt 

KITS 

Jd»I1 

?:Sl!i5: 

Bllfbl. 
BIlBfct. 

S 

a 

.0000 

!0UM 

-OOBO 
'ODU 

.OOM 

.00» 

1 

:= 

ioooo 

:;: 

Averaga  by  Ttan. 


1MI> 

!» 

ISM 

ISM 

: 

.3T 

lis: 

ioon 

ass: 
Dili 

.oisi^.onw 
[oosaiioiM 

1m 

.!8 

.0070 

Mia 
'.mis 

.J 

ioooii 

1 

lis 

•  Jdu  to  OeUbtr. 
nrj  blDlljr  ngaUbU  as  Iimu1d(. 


lik*  Ha)iiiM  «<r*  soiIbMwI  trom  til*  i 

Mieroieopicat  Examinalion. 


Watee  Sdpply  of  Hinsdale  Fire  Distkict.  —  Hinsdale. 

Ottmieat  Examinatiim  of  WaUr  from  the  Storage  Bexrvoir  of  the  Binadale  Fire 

DUlriet. 

IPmrt*  par  IN.OOO.] 




■ 

BUlDUl  OB 



[ — ■ 

1 

1 

1 

f 

1 

i 

1 

F 

1 

1 

1 

/. 

1 

.onm 

1 
■■a 

1 

mt 

11 

.,« 

1 

-wul.o* 

utn 

fliiiM"- 

it 

230 

l.W 

noni 

OlTD    013S 

™v^l  ,<17 

.nnm 

onon 

.10 

O.T 

im 

floon 

M 

RFI 

0«.M    8«SP- 

o.w 

OOSSj.M 

"^ 

"^ 

3.M  1  LBS 

OI44.012H.OO,e!U« 

^ 

gnto. 

.no 

3.20      1,00 

■n-i-'Tt" 

'Z. 

172 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


HINSDALE. 

Chemical  Examination  of  Water  frotn  the  SUmge  Reservoir  of  the  ffintdale  Fire 

JHtlriet — Concluded. 
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hollistox. 
Water  Sopplt  op  Holliston.  —  Holliston  Wateb  Compamy. 

Chemical  Examination  of  Water  from  Iht  Works  of  the  SoUiHon  Water  Company. 

[PuU  pat  100,000.1 


r 

ArrKj^^c,. 

f 

^..,. 

J 

Nira 

«... 

f 

i 

-       , 

1 

1 

1 

1 

1 

.< 

j 

j 

J 

IH»S 

J.O.  IS     Son..       [hob.. 

M 

a.» 

.DOM 

.OIHO 

.OT 

.0100 

.0000 

.M 

1,3 

.0020 

l«!5 

Val.K 

v..ughL|V.*ii(ht. 

.30 

i.os 

.OOM 

.om 

.13 

.«m 

.MOO 

.a 

o.s 

IBTI 

lUf  n 

V.digW.  BllgW- 

M 

S.IS 

.0003 

,0170 

.» 

.oo» 

.0000 

.M 

0.8 

- 

lors 

Join* 

y.dllbl.  T.  •light. 

M 

i.oa 

.0000 

,00« 

,0030 

.0000 

.H 

0.6 

.01M 

ITIM 

B^l.  » 

Bone.        Soa: 

.11 

t.x 

.0000 

.0000 

.» 

.OOTO 

.0000 

.1» 

l.( 

.0000 

ITO. 

N„.    1 

V.rtlghl.  BllRhL 

.40 

«.» 

■"•  •"" 

■" 

.HMO 

.000. 

-U 

1.2 

Averaget  hy  Teart, 


VM 

WW 
1M9 

- 

- 

.00 
.OK 

1 

.38 

«.lt 

.0000 

.OOlt 
.0013 
.OOU 
.OOtT 
.0114 

.38 

.oiot 

.0003 

,0000 

.0000 

.OOM 

Hon  to  ualTH*  af  IMS :  Odor  In  JdIj  ud  Bapdmbtr,  dona ;  at  otfaar  llnita,  T«c*Ub]«. Tba  Bnt 

Dr  lanipUa  wan  nllacicd  frnm  a  baoal  al  tba  pamplog  •talloD,  wfalla  pnmplDg;  tba  lui  two  nara 
lOcalad  f nm  fancau  la  Iha  town. 


liicroteopical  Examinaiion. 

Aa  laalfaUant  Dambac  al  atfaBlaoa  waa  tound  Id  iIwm  wmplaa. 


174  STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 

HOLTOKB. 

Water  Scpplt  or  Holtokb, 

Chemical  ExaminaHon  of  Water  from  Whiting  Street  Storage  Seaervoir,  Holyohe. 

[PUU  pM  KXHtOO.] 
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HOLTOKE. 

Microscopical  Examination  of  Waler  from  Whiting  Street  Storage  Reservoir, 

Holyoke. 

[Namber  of  organiamB  per  eabio  centimeter.] 
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HOI.YOKE. 

Chemical  Examination  of  Water  from  WriglU  and  Ashley  Pondt,  Bolyoke. 

[Puu  p*t  lao.ooo.] 
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HOL.YOKE. 

Microscopical  Examination  of  WcUer  from  Wright  and  Ashley  Fonds^  Holyoke, 

[Namber  of  organlimi  p«r  eubio  centimeter.] 


is»e. 


Jan. 


Mar. 


May. 


J0I7. 


Sept 


KOT. 


Day  of  ezaininatioD,     • 
K  amber  of  aample,       • 

PLANTS. 
Dlatomaoea»( . 

Aeterionella,  . 

Cyelotelia,  .       • 

DlAlotna,  ... 

Meloalra, 

Navlcola,  ... 

Byn«drm« .  .        .        .        . 

Tabellaria,  .       .       .       < 

Cyanopbycew,     . 

Anabvoa,        ... 
Chroococcua,  . 
C(Blo«phaBrlam, 
MicroeyetU,    ... 
OeelllarU, 

AlgO. 

Protococcna,  . 
Kaphidiom,  . 
Bceoedeemua, ... 

ANIMALS. 

Infosoria,        ... 

DloobryoOi 

Buftena,  .... 

Mallomonaa,   . 

Monaa,     .       .       .       .       , 

PerldlDiam,     . 

Trachelomonaa,      •       . 

nnoB(    •      .      «      . 

Annrca,    .... 
Aaplaocbna,    ... 
Poiyartbra«      .       .       .       , 
Betatorian  otra, 

Crustacea,  Dapbnia, 
Ml9oManeou9t  Zouglosa,      . 

TOTAX.,      .         .        .         .        . 


28 
1690-2 


26 
16821 


S6 
16664 


28 
17068 


26 
17668 


26 
17048 


0 

189 

852 

4 

47 

0 

256 

820 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

4 

17 

0 

0 

2 

0 

0 

0 

8 

24 

0 

26 

0 

0 

6 

0 

1 

0 

0 

0 

fS 

194 

0 

0 

0 

20 

7 

0 

0 

0 

0 

4 

0 

0 

0 

1 

6 

0 

0 

0 

2 

124 

0 

0 

0 

0 

14 

0 

76 

19 

It 

41 

0 

76 

16 

4 

40 

0 

0 

2 

8 

0 

0 

0 

2 

0 

1 

m 

70 
6 
0 
128 
2 
6 

16 


1 
0 
0 
0 
84 


40 

40 
0 
0 


896 

t,501 

t 

0 

1 

508 

2,406 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

148 

2 

0 

0 

0 

0 

2 

0 

0 

0 

t 

1 

2 

9 

t 

0 

0 

1 

0 

0 

2 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

1 

0 

0 

1 

0 

0 

9 

0 

0 

20 


29 


22 

10 
0 
0 
0 
6 
6 


0 
0 
0 
0 


.02 


100 


608 


2,837 


895 


80 


265 


475 


Water  Supply  of  Hoped  ale. 


(See  Milford.) 


178 

HUDSON. 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 
Wateb  Sdpply  of  Hddson. 
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HUNTTNGTON. 

The  advice  of  the  State  Board  of  Health  to  citizens  of  Himting- 
ton  relative  to  the  use  of  water  from  Bpriogs  west  of  the  village  for 
domeBtic  purposes  may  be  found  on  pages  19  aod  20  of  this  volume. 
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from  the  grooDd  in  the  vicinity  of  Mother  Brook  in  Dedham,  may 
be  found  on  pages  20  and  21  of  this  volume.  Analyses  of  samples 
of  water  collected  from  test  wella  in  this  vicinity  may  be  found  in 
the  table  following  the  analyses  of  water  from  the  Neponset  River. 
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IPSWICH, 

Wateb  Supply  op  Ipswich. 
The  advice  of  the  State  Board  of  Health  to  the  water  board  of 
Ipswicb,  relative  to  the  protection  of  the  purity  of  the  water  of 
Dow's  Brook  storage  reservoir,  may  be  fouod  on  pages  71  and 
72  of  this  volume.  Aualysea  of  samples  of  water  collected  from 
several  small  streams  enteriog  the  reservoir  are  given  in  the  follow- 
ing tables :  — 

Chemical  Examinalwn  of  Water  from  Dow's  Brook  above  the  Storage  Setervoir 
of  Ike  Iptwieh  WaUr  Worlu. 
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Seiervoir,  Iptteich. 
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IPSWICH. 

Microsco}ncal  ExaminaCion  of  Waler  from  the  Storage  Reservoir  of  the  Ipswich 
Water  Works. 
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CkemUal  Examination  of  Water  from  Bull  Brook,  Tpswich. 
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IPSWICH. 

Chemical  Examination  of  Water  from  Faucets  tttpplied  from  the  Ipswich  Water 
Worka. 

[Part*  par  lOO.DOO.] 
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Chemical  Examination  of  Water  from  Fauoeta  supplied  from  the  Kingston  Water 
Works. 
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KINGSTON. 

Oitmkal  ExamtHotiait  of  Water  firom  Pine  and  ffotcard  Bnoka  in  Kingston. 
[Put*  ptr  100,000.] 
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liAWBEXCE. 

Water  Supply  of  Lawrence. 
The  followiog  tables  coaUiiD  analyses  of  the  uoGltered  Merrimack 
River  water,  and  of  the  filtered  water  at  the  pumping  ststioa  and  nt 
the  distributing  reservoir.  The  results  of  more  extended  cheniicHl 
and  biological  examinntionB  of  the  water  before  and  after  filtration 
through  the  sand  filter  may  be  found  in  a  subsequent  portion  of  this 
report,  in  the  chapter  on  "  Filtration  of  Water." 


CAetnieal  Examination  of  Water  from  the  Merrimack  SivtT  above  Laiertnee, 
oppofiU  the  Intake  of  the  Lawrence  Water  Works. 

[I^rU  par  im),000.] 
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LAWRENCK. 

Microaeopieal  Examination  of  Water  from  the  Merrimack  Bivtr  above  Lawnnce, 
opposite  the  Intake  of  ike  Lawrence  Water  Works. 

[NnmbaT  alarfiDUiua  par  cublo  ecnllnistar.] 
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LAWBENCE. 

Chemical  Examination  of  Water  from  the  Forte  Main  at  Oie  Pumping  Station  of 
the  Lawrence  Water  Works. 

(Fwta  par  laO.OOD.] 
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CSemicat  Bxamination  of  Water  Jrom  the  Distributtng  Beaervoir  of  lAe  Latorenee 
Water  Worki. 
(Put*  pat  KM.ooo.] 
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Mierotcopieai  Examination  of  Water  from  the  Distributing  Betervoir  of  tht  Law- 
rence Water  Works. 
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MKroieopieal  Examinaltim  of  Water  from  the  DiHribuling  Reaervoir  of  the  Law- 
rence Water  IForjfct  —  Co  Deluded. 

[Hunibar  ol  orfUlami  pai  oobls  cantlmeUr.] 
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Volume  of  Water  fiowing  in  the  Merrimack  River  at  Lawrence  on  the  Dates  when 
Samples  of  Water  were  collected  for  Analytia. 
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leicesteb. 
Water  Supplt  of  Leicester  Water  Supply  Dibtbict, 
Leicester. 

Ckemieai  Exammation  of  WaUrfrom  the  Weils  of  Ute  LeieesUr  Water  Supply 
DiHrict. 
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aCESTBB. 

CkanvMl  Bjomination  of  Water  from  One  of  the  Welti  of  the  LeieetUr  Water 
Supply  DMricL 
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During  the  year  1896  the  eources  of  water  supply  of  the  towD  of 
Leotnioster  vera  increased  by  the  takiog  of  the  water  of  Fall  Brook 
and  the  coastructioQ  of  a  storage  reservoir  upoa  this  stream  in  the 
southerly  portion  of  the  town. 

The  reserroir,  when  full,  has  an  area  of  82.5  acres,  a  capacity  of 
aboat  886,000,000  gallons,  an  average  depth  of  14.3  feet  and  a 
maximum  depth  of  26  feet.  The  area  flowed  consisted  chiefly  of 
pastura  and  wood  land,  though  a  portion  was  under  cnltivation.  In 
the  lower  portion  of  the  valley  there  was  a  considerable  area  of 
meadow  and  swamp  land,  where  the  mad  was  found  to  extend  to  a 
considerable  depth.  The  reservoir  was  prapared  by  the  removal  of 
all  the  atumpa,  sdil  and  vegetable  matter  from  the  area  flowed,  with 
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the  esceptioD  of  about  19.5  acres  of  the  swamp  and  meadow  land  in 
the  lower  portioD  of  the  area  where  the-mad  was  qoite  deep,  which 
was  covered  with  grarel  to  a  depth  of  from  15  to  18  inches  after  the 
removal  of  the  trees  and  baahes.  Storage  in  thia  reservoir  was 
bc^oD  io  the  latter  part  of  October. 

The  watershed  of  the  reservoir  has  sd  area  of  1.26  square  miles 
and  contains  a  very  small  popalation.  The  slopes  are  steep  and 
there  is  verr  little  swamp  land  on  the  area. 
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liEOMINSTEB. 

Microscopical  Examination  of  Water  from  Haynes  Reservoir ^  Leominster, 

[Number  •!  orgranisms  per  cubic  centimeter.] 
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LKOMINSTEB. 

Chemical  BxamintUUm  of  Water  from  Morse  Reservoir,  Leominster. 
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liEOMINSTEB. 

Microscopical  Examination  of  WcUer  from  Morse  Reservoir ^  Leominster. 

[Nnmb«r  of  orgmotoms  per  enbio  oentlmeter.] 
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lexington. 
Water  Supplt  op  Lexington. 
Chemical  Examination  of  Water  from  rine  Brook,  above  the  Storage  Btstrvoir  of 
the  Lexington  Water  Works. 
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Chemical  Examination  of  WaUr  from  the  Vint  Brook  Storage  Beservoir  o 
Lexington  WaUr  Works. 
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LEXINGTON. 

Microscopical  Examination  of  Waler  from  the  Vine  Brook  Storage  Reservoir  of 
the  Lexington  Water  Works. 

[Hamtwi  of  orgaDltmi  per  eubte  euitlmcler.) 
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LEXINGTON. 

Chemieal  Examinalion  of  Water  from  a  Faucet  in  Ltxinglon,  supplUd  from  tht 

Lexington  Water  Works. 

[Psrti  par  lOO.MO.] 
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Wateb  Supply  op  Longmeadow. 
Chemical  Examinalion  of  Water  from  Cooler/  Brook,  Longmeadow. 
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Water  Supply  of  Lowell. 
A  third  system  of  tubular  wells  for  supplying  water  to  the  city 
of  Lowell  was  completed  during  the  year  1896.  The  wells  are 
located  on  the  north  bank  of  the  Merrimack  River,  between  the 
river  and  the  Pawtucket  Boulevard,  about  a  quarter  of  a  mile  above 
the  Lowell  dam.  The  system  consists  of  169  two  and  one-half  inch 
wells,  varying  in  depth  from  27  to  40  feet,  and  situated  at  a  distance 
of  from  150  to  350  feet  from  the  bank  of  the  river.  Pumping  from 
this  plant  was  begun  Feb.  28,  1896.  The  tubular  wells  are  aaid  to 
have  furnished  all  the  water  supplied  to  the  city  from  Feb.  22,  1896, 
to  the  end  of  the  year. 

Chemical  Examination  of  Water  from  Iht  Merrimack  River  above  Lowell. 
[P»m  per  li»,w».J 
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ChemietU  Examination  of  Water  fr(m   Tubular  Well*  in  the    VaOep  of  Biver 
Meadow  Brook,  a  Short  Diatanee  above  Plain  Street. 
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Chemicai  Examination  of  WeUer  from  Tabular   Welts  in  the   Vatky  of  Biver 
Meadow  Brook,  a  Short  Distance  above  the  Old  MiddUstx  Canal  in  Chelmsford. 
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Chemical  ExMninalion  of  WaUrfrom  Tubular  Wells  inlheVailey  of  the  Merrimack 

Eiver  near  the  Pawtucket  Boulevard. 

[Pan*  per  iaa,iK».] 
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Water  Supply  of  Ludlow, 
(See  Springfield.) 

Watee  Supply  op  Lynn  and  Sauqds. 

Daring  1896  the  capacity  of  the  works  for  supplying  water  to  the 
city  of  Lynn  was  iocreased  by  the  completioD  of  a  storage  reser- 
Toir  apoD  Hawkes  Brook.  Thia  reservoir  has  an  area  of  75  acres, 
a  maximum  depth  of  25  feet  and  an  average  depth  of  12.3  feet.  Its 
capacity  is  about  300,000,000  gallons.  The  reservoir  was  prepared 
for  the  storage  of  water  by  the  removal  of  stumps,  soil  and  vege- 
table matter  over  a  large  portion  of  its  area,  but  over  a  consider- 
able portion  of  the  area,  on  account  of  the  depth  of  the  mud,  this 
material  was  not  removed,  but  these  areas  are  said  to  have  been 
covered  with  gravel  to  a  depth  of  about  18  inches. 

The  area  of  the  watershed,  including  the  reservoir,  is  about  1.9 
square  miles  and  contains  a  small  population. 
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Chemieai  Examination  of  Water  Jivm  Brttd'f  Fond,  Lynn. 
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liierotcopieal  Examinatian  of  Water  from  Breed's  Bind,  Lynn. 

[Number  of  or^mil-tnt  p«[  odWo  cnUraolet.) 
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L.YXN  AND  8AUGU8. 

ChemiccU  Examination  of  Water  from  Birch  Pond^  Lynn. 

[ParU  per  100,000.] 
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Note  to  anaiyaea  of  1896 :  Odor,  generally  vegetable,  aomettmea  alao  mouldy  or  graaay,  rarely  none. 

The  samples  were  collected  from  the  pond,  nearth^  gate-house,  1  foot  beneath  the  aurfaee.    For 

monthly  height  of  water  in  this  pond,  aee  page  219. 
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Microscopical  Examination  of  Water  from  Birch  Pond,  Lynn. 
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LYNN  AND  SATJOUS. 

Chemieal  Examination  of  Water  from  Walden  Pond,  Lynt 

[Paru  per  100,000,] 
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LTWW  AIOD  aAUGD8. 

Microacopieal  Examinaiion  of  Water  from  Walden  Pond,  Lynn. 

[Mamlnr  of  orguiltmi  pu  culilc  ceDilmmei.] 
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LTNN  AND  SAUOUS. 

Chemieat  Examittalion  of  Water  from  Olen  Lewis  Pond,  Lynn. 

{Purl*  per  100.000.] 
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Micn»eopictU  ExamiruUwm  of  Water  frmn  Olen  Laoia  Amd,  Lynn. 

[NDinbar  ot  ocgulimi  per  enbic  oanilmater.] 
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I.TNM  AND  8AUG178. 

Chemical  Examination  of  Water  fi-om  the  Baugut  Biver  ai  SotokWs  Dam,  Saugus. 
[Puu  p«T  100,000.] 
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Microscopical  Examination. 
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Chemical  Examinalion  of  Water  Jrom  the  Saitgus  River  at  the  Line  between  Bangui 
and  Wakefield,  and  futt  above  the  Point  where  it  ii  joined  by  the  Branch  from 
Wakefield  Centre. 
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LTNN  AJfU  8AUGU8, 

Chemical  Examination  of  Water  fr 


Faucet  tn  Lj/nn  supplied  from  the  Lynn 
Water  Works. 


[VkU  p«r  IW.OOO.] 
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Lynn  Water  Works. 
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MieroKOpical  Examination  of  Water  from  a  Faucet  in  Lynn  supplied  frvm  Ihe 
Lynn  Water  Worha  —  Concluded. 

[Knmbsc  at  orgnlamt  par  cubic  uDllinaUr.] 
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halde?t,  mbdfobd  axs  kielbose. 

Water  Supply  of  Malden,  Mbdford  and  Melrose. 
The  water  of  Spot  Pond  waa  at  high-water  level  in  April,  1896,  for 
the  Grsttime  since  April,  1891.  The  filling  of  the  pond  waa  due  to  the 
decrease  in  thedrafl  from  it  caused  by  the  use  of  water  from  auxiliary 
sources  of  supply  introduced  by  the  niuDicipalitiea  using  water  from  the 
pond. 

Chemical  Sxaminalum  of  Water  from  Spot  Pond,  Stondtam. 
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Microuopioal  Examination  of  Water  fivm  Spot  Pond,  StonOtam. 
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MALDEM.  MBDFOBD  AND  MELROSE. 

Table  showing  Heights  of  WaUr  in  Spot  Pond  on  the  Fint  of  Each  Uonlh  inl896. 
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mansfeeld. 

Water  Supply  of  Mansfield  Watee  Supply  Disxeict, 

Mansfield. 

Chemical  Examination  of  Water  from  IheWeU  of  the  Mansfield  Water  Worki. 

[PBrtl  pet  loo.oca.] 
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MARI.&OKOraH. 
WaTEB   SuPPLT  of   MABI.BOEOnOH. 

Daring  tbe  spring  of  1896  about  13,000,000  gallons  of  water 
were  pumped  from  MilUiam  Brook,  above  the  storage  reservoir,  into 
Lake  Williams,  from  which  tbe  supply  of  the  city  is  drawn.  No 
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Chemical  Examination  of  WtUer  front  Lake  Wiliiams,  Marlborough. 

[FWU  pw  10D,0(U.] 


1 

a™..^. 

'^S"" 

A..™.. 

; 

»^« 

j 

1 

j 

1 

2 

1 

i 

i 

1 

1 

r 

-= 
^ 

1 

ii 

umn 

Feb.  1* 

Dtallnel, 

BllEbt. 

.la 

4.U 

l.W 

.iwio 

M»2 

.01« 

.WIS 

,M 

.om 

.^ 

.n    1.1 

IWTS 

«•'" 

Slight. 

.13  l|  ..« 

I.St 

.OtK 

.orn 

.00« 

.SI 

.OOM 

■"» 

.9W      1.) 

in«o 

A.,.,. 

v.SuU: 

V..U(|M. 

.10       *.rt 

l.U 

.0001 

.OIM 

.01« 

.IKU 

.u 

.000. 

.». 

.as    1.1 

ITSOO 

""■• 

V..llihi. 

8li(ht. 

.DE      4.10 

l.M 

.0000 

.<«M 

.om 

.OOM 

■" 

- 

- 

.11    \.t 

Averages  by  Tears. 


' 

inr* 

IMS 
1»« 
UM 

nu 

mtf 

IMS 
MM 

ins 

ISH 

- 

- 

- 

- 

M 

.« 
.03 

S.M 

-i.ii 

4.St 

l.SO 
O.SS 

l.St 

..m 
.oaoD 
.oaao 

.oan 

.0182 
.OlH 

.0168 

MMl 
.OOM 

.00*0, 

.46 

z 

.0061 

i 

.OOM 

0000 
nooi 

I 

.37 

1.3 
1-7 
l.T 

1.7 

t  llsrcb  and  April. 


Von  to  wi»1rM(  or  ISM :  Odor, 


Microscopical  Examination. 


226  STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 

MABLBOROUOH. 

Chemical  Examination  of  WaUr  from  the  Notih  Brandt  of  MiiUiam  Brook,  near  Us 
Entrance  (o  the  Millham  Brook  Storage  Reservoir,  Marlborough. 

[Part*  pm  100,000.] 
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SCASX.BOBOtrGH. 

Chemical  Examination  of  Water  from  Millham  Brook  Storage  JUtervoir, 
Marlborough. 
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Microscopieal  Examination  of  Water  from  Millham  Brook  Storage  Beservoir, 
Marlborough. 
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MARI.BOBOUGH. 

Microscopical  ExamtnaUim  of  WaCer  from  MUlham  Brook  Storage  Reservoir, 
Marlborough  —  Concluded. 

(Nambir  of  orsmboK  per  inblo  eenllmaUr.] 
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UABI.B0B017QR. 

Microseopieat  Examination  of  Water  from  MUtham  Brvok  Storage  Saervoir, 
Marlborough,  collected  near  the  Bottom. 
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UABSHFIEIlD. 

Watee  Supplt  of    Bbakt  Rock,  Marshtield. — Beant  Rock 
Watee  Company. 

CAemKO^  ExamituUion  of  Water  fivm  the  Wotit  of  (Ae  Srant  Rock  Water  Company. 

[Part*  par  100,000.] 
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Gtemical  Examination  oj  Water  from  White  Pond,  ISaynard. 
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MEDITBLD. 


Ckemical  Examinalion  of  Water  from  a  Spring  in  Medjield. 

(PuupulOI),OI)0.] 
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Mieroioopieal  Examination. 


Water  Supply  of  Medfield  Insane  Astlum. 
The  advice  of  the  State  Board  of  Health  to  the  tmatees  of  the  Med- 
6eld  Insane  Aeylum  with  reference  to  an  additional  water  supply  for 
the  aaylum  may  be  found  on  page  24  of  this  volume.  AnalyBee  of 
samples  of  water  collected  from  Farm  Pond  in  Sherborn  during  the 
inveBtigations  made  by  the  Board  may  be  found  under  "  Sherborn" 
in  this  report. 


Water  ScppLr  of  Medfobd. 

Water  from  Wright's  Fond  was  used  for  the  supply  of  the  city 
from  the  beginning  of  the  year  until  May  28,  1896,  at  which  time 
its  use  was  discontinued,  owing  to  the  unsatisfactory  quality  of  the 
water. 

For  information  regarding  the  water  supply  of  Medford  from  Spot 
Pond  and  for  analyses  of  samples  of  water  from  the  pond,  see  pages 
£20  to  222. 
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MEDFOBD. 

Chemical  Examination  of  Water  from  Wright's  Pond,  iledford. 

[PirU  per  100.000.] 
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Microscopical  Examination  of  Water  from  Wrighfs  Pond,  Medford. 
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Mieroseopieal  Examination  of  Water  from  WrighCt  Potid,  Medford —  Concladed. 

[KamlMr at  orfuUm* per «abl« egoUmaur] 
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Chemical  Examination  of  Water  from  Underdrains  beneath  Che  Sewers,  Medford. 

[PuU  PM  100,000.] 


J 

Arp».»iBC«. 

gl 

j 

Kmoami 

1 

1 

1 

f 

i 
1 

1 

1 

1^ 

£ 

i 

1 

1  im. 

iroia  Joiy  11 

in«0  1  Not.  11 

T.  iiigbt. 

DLllncl, 

V.illlbt. 
gll,ht. 

CODI. 

.03 
.01 

'E 

.0(80 

u.w 

.7200 

.atoD 

.0013 
.0009  , 
-OOS) 

■<• 

6.B 

.OIU 
.OMO 

». ! 

».0T 

.06« 

■"»" 

a.  70 

■"" 

■"' 

.IS 

nton 



witwilcd  from  Vat  nnderdnlD  la 


Microaoopictti  Examinalion. 


Ho.KBW.    FubiI,  OeiuUrtz,  S60.    Mlgeellu 
tooDd  Id  Uu  rtnuilDlDi  Mn 


•  ,  Zoo;Iaa,  100.    ToUl.l 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


Medway. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Medway 
with  reference  to  the  introduction  of  a  water  supply  from  sources 
near  the  village  of  Weat  Medway  may  be  found  on  page  25  of  this 
volume. 

The  advice  of  the  Board  to  the  Medway  Water  Company  with  ref- 
erence to  securiDg  a  supply  of  water  from  wells  located  in  the  valley 
of  the  Charles  River  in  the  easterly  part  of  Medway  may  be  found 
on  pages  25  to  27  of  this  volume. 

Analyses  of  samples  of  water  collected  from  varions  sources  in  the 
town  during  the  investigations  are  given  in  the  following  tables.  Ao 
analysis  of  a  saoiple  of  water  from  the  Charles  River  at  Medway  may 
be  found  in  the  chapter  on  '  ■  Examioatioa  of  Rivers,"  in  a  subsequent 
portion  of  this  report. 

CSiemical  Examination  of  Water  from  a  Tubular  Tut  Welt  and  from  a  Spring  in 
Medway. 
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Chemfeo/  Examinalioa  of  Water  from  Te^  WM»,  Midway. 

[PuU  par  lOO/MO.] 
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Mieroseopieal  Examination. 


Watee  Supply  op  Melbose. 
For  informatioQ  regardiog  the  water  supply  of  Melrose  from  Spot 
Pond  and  for  analyses  of  water  from  the  pond,  see  pages  220  to  222. 
The  aaxiliary  supply  from  tubular  wells  in  the  valley  of  Spot  Pond 
Brook,  which  was  used  during  the  years  1894  and  1895,  was  aban- 
doned in  May,  1896,  since  which  time  the  entire  supply  for  the  town 
has  been  drawn  from  Spot  Pond. 

Gtemieal  Examination  of  WaUr  from  Tubular  Wells  in  the  Valley  of  Spot  Pond 
Brook,  near  Wyoming  Avenue,  used  as  an  Additional  Source  of  Water  Supply 
for  Melrose. 

'  [Parti  par  lOO.OOO.] 
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mebbimac. 

Mebbihao. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Merrimac 
relative  to  a  proposed  public  water  supply  for  that  town  may  be 
fouud  on  pages  27  to  29  of  this  volume. 

Chemicai  ExaminaCwn  of  WaUrfrom  Test  Wells  in  Merrimae. 

[Puu  pat  100,000.] 
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ChemieiU  Examination  of  Water  fr<nn  Back  iti'i;er,  Merrimae. 

[Paria  par  100,000.] 
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ACEBRIHAC. 

Chemical  Examination  of  Water  from  Cobbler'a  Brook  in  3£erri>nae. 

[Fmrti  per  100,000.] 
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Water  Supply  of  Methhen. 
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METHUEN'. 

Chemicai  Examineiiion  of   WaUr  from    the  Covered  Reservoir  of   tM  Methuen 
Waier  Worirs. 

[Part*  par  IDO.ODO.] 
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MIDDIiBBOBOUGH. 

Watee  Sdpplt  op  Middleborodgh  FiEB  District,  Middlb- 

BOBOnOH. 

Chemical  Examinaiion  oj  Water  from  Oe  Well  of  the  Middkborough  Fire  Dislria. 

[Part!  por  IDO.DM.) 
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UILLBUItT. 

Water  Sopply  of  Millbuet.  —  Millbuet  Watee  Compant. 
Chemical  Examination  of  WdUrJrom  the  WeU  of  the  Milllmry  WaUr  Work*. 
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MiCToieopicai  Examination. 

Wateb  Supply  of  Millis. 

Chemical  Examination  of  Water  from  lite  Aqua  Sex  Spring,  Millis. 

[Put!  pet  100,000.] 
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Watek  Sdpply  or  Milton.  —  MtLTON  Water  Company. 
The  water  sapplied  by  this  company  to  the  town  is  purchased  from 
the  Hyde  Park  Water  Company.     Analyses  of  samples  of  the  water 
may  be  foand  on  pages  180  to  182. 
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Water  Sdpply  op  Monson. 

Chemical  Examination  of  Wattr  from  a  Faucei  in  Monson,  suf^lied  from  the 

Monson  Water  Works. 

[ParuptrliM.lMO.) 
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Massacbubetts  Hospital  for  Epileptics,  Monsom.  —  Chemical  Examination 

of  Water  from  Tea  WeUs  in  the  Valley  of  the  Quaboag  River,  Palmer. 

[Psmptr  100,000.] 
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MONSON. 

<Remical  Examination  of  Waierjrom  the  Wetl  Retervoir  and  a  Broot  at  the  State 

Hospital  for  Epiltplict,  Monaon. 

[P«n«  p*r  100,000.] 


1 

1 

A,r»»>c. 

SSL".- 

»„o,„. 

i 

1 

Hinaau 

1 

1 

s 

" 

t 

1 

1 

t 

,•! 

1 

«»»«.ll 

1 

1 

1 

1 

1 

,1 

1 

Mm 
uin 

laM. 

lliU.Sl 

Hou. 

V.SSR: 

aijghi. 

.10 
.10 

0.90 
D.M 

o.ro 

z 

.0000 
0061 

.OOTI 

loOtOhlT 

ooio'i  10 

...» 

.0000   .Ifl 
.0000   JO 

f: 

Odor,  dlMlo^  THMkbIa,  ■ 
l*CMd  tram  (ha  W«l  RhktMi 

bHD  Had  U  ■  MDHt  of 

•lUtaDM,  ud  lb*  iraoDi 


cnplnd  by  m  Su«  U»plui  tor  E^lepdc 


lODldf. Tb*Bnl  iwDuigplH  waraeol- 

I  on  >  brook  D«r  Iha  bolldtnga,  vhlah  baa 
Tha  suia  Primkry  8cbool  la  do  lODfar  Is 


Microacopieal  Examination. 

lotal  Bnmbei  of  ornaUma  par  aubte  aanUmatar  touod  Id  thaai 
1  ITa.UlTO.IpMR;  Ko.  ISIM,  S. 


Watee  Scpplt  op  Turner's  Falls  Fibe  District,  Montagub. 
Chemicai  Examination  of  Water  from  Lake  Heafant,  Montague. 

[Farta  par  100,000.] 
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MONTAGDB. 

MONTAOITS. 

The  advice  of  the  State  Board  of  Health  to  the  water  supply  com- 
mittee of  the  Tillage  of  Miller's  Falls,  relative  to  the  introductioD  of 
a  pabllc  water  supply  fur  the  village  of  Miller's  Falls,  in  the  towns 
of  Montftgue  and  Erving,  may  be  found  on  pages  30  and  31  of  this 
Tolnme.  Analyses  of  samples  of  water  collected  daring  the  investi- 
gation of  the  proposed  sources  of  supply  may  be  found  on  page  236 
of  the  annual  report  for  1895. 

Wateh  Supply  of  Nahaht. 
(S»e  BwampgooU.) 

Wateb  Supply  or  Nantucket.  —  Wannacokbt  Water  Company. 
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NANTUCKET. 

MieroKopicat  EscamiruUiott  of  Water  Jivm  Wanrtacomet  Pond,  Nantuekel. 
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Wateb  Supply  of  Natick. 
Chemicai  Examination  of  Water  from  Dug  Pond,  Natick. 

[Puu  p«r  IM/MO.} 
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NATICK. 

MicroKopieal  Examination  of  Water  from  Dug  Fond,  Natiek. 


[Vtmbmtot 

IMKHIWOB 

ntlo.. 

l.r.] 

iMa. 

j«. 

FbD. 

■u,. 

- 

.., 

Jin*. 

J»lj. 

... 

B«PL 

Oct 

Wot. 

D.O. 

I 

ft 

4 

' 

A 

a 

a 

4 

10 

S 

4 

t 

KonibtrofMnp)* 

USM 

leoio 

"'" 

inu 

1U3& 

"™ 

iwia 

nm 

17«BjnM8|l7II4 

IT»»4 

PLAirra. 

I,»M 

u 

U 

It 

M 

1tO 

ti 

fl 

M 

110 

i.m 

a-cr:    :    :    ;    : 

'n 

IsSa.,-   :   :   ;   : 

" 

" 

Oyanopbycera, 

11 

0 

I 

0 

i 

A 

W 

H 

11 

* 

g 

0 

a 

lUphldlon. 

" 

s 

" 

s 

1 

as 

4 

" 

" 

" 

ANIMALS. 

Inftworl* 

It 

1 

0 

« 

M4 

n 

a 

4 

1 

104 

H 

n 

0 

r> 

ft 

4 

a 

(1 

ft 

" 

a 

" 

" 

13 

Tarmes,  Addimi, 

1 

. 

0 

a 

• 

0 

4 

ff 

s 

ft 

B 

OruBl»oo»,Croicip.,  .      .      . 

B 

t 

1 

,ta 

.H 

0 

e 

B 

a 

.M 

0 

fO 

411 

ft) 

It 

n 

D 

0 

to 

a 

» 

W 

ft 

0 

A 

n 

ft 

0 

u 

" 

W) 

w 

TWAL, 

1,»M 

- 

101 

JL 

SO 

78 

^ 

„ 

M 

ISI 

(M 

^ 

No.  84.]     EXAMINATION  OF  WATER  SUPPUES.  247 

NATICK. 

TabU  thowing  Heights  of  Water  in  Dug  Pond  on  the  First  of  Each  Uonih  in  1896. 

[Hlih-vatar  mvk  K  IS.O  real.] 
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nxw  bedford. 

Wateb  Sdpply  of  New  Bedford. 

Chemical  Examination  of  Water  from  the  CoruiuU  -of  the  New  Bedford  Water 
Worki. 

[Pklta  p«  100,000.] 


1 

"SSi'l       .„<,.,.. 

, 

Nmtiim 

i 

1 
J 

f 

j 

1 

1 

iil. 

1 

1 

\ 

1 

1 

il 

i 

14803 
IWJ 
1I0T7 
1TA16 

inti 
uaxt 

Fisb.at 
Juno  33 

3 

H«pt.3] 
D«.M 

V..li^t. 

T.iHghl. 

BIlRhl. 

V.  .light. 

SIlghL 

DlMlnol, 

Blight. 

V.rtlghl. 

Blight. 

V.  ■light. 

■Sana. 

augiii. 

V..I!gM. 

V.  ought. 

Blight. 

Coo... 

Biig^r- 

Slight. 

Sir" 

Blight. 
Slight. 

V..Ugh.. 

Bllgbt. 

J 
'1 

4t 

40 

».1S 

I.  BO 
1.3& 
3,W 

otu.oiu 
iraw'.iaM 

owe.osiB 

OtM,.<nM 

OM.OOT! 

oiM'.oim 

I 

0042 
00S2 
OOIH 

1 

1 

.n 

.DO«D 

.otw 

.OOTO 

z 

MOO 

I 

DOOO 

= 

1.44 

1.44 
1.W 

.Jvero^  by  Tean. 


- 

an* 

UN 
IBM 

IWl 

IBM 
1W> 
U»4 

leoflt 

- 

l.(B 

■ 

1.10 
l.U 

6.19 
iM 

s.oi 

..» 

4.81 
iM 

3.32 

i.u 

3.41 

1.21 
2.M 

.0M.|.0».!     - 

.001*;, osM'  - 

.OOUj.OUl'.OtOS 

.oois.oi»a.oiM 

.000«'.01B7  .0164 
.00:»'. 0134  .0180 

.0000  .D2ti.  DIBS 

0031 
00« 
0«« 

= 

.M 

.018J.0001 

oioal  0001 

.OOM'.OOOO 

I.M 
D.M 
l.Ol 
1-M 

l.S 

o.« 

t  Whirc  men  Una  oi 


la  iru  wllsotad  Id  ■  mom 


ID  lulyal*  for  that  month  bi 


ir.dl.UaoIlf  vegetable  i 


For  hslghta  of  iraler,  aaa  pi 


No.  34.3     EXAMINATION  OF  WATER  SUPPLIES.  249 

NEW  BBDFOBD. 

Mieroseopieal  Examinaiion  0/  Water  from  lAe  Conduit  of  the  New  Bedford  Water 
Worke. 
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Chemieai  Examination  of  WaUr  from  Little  Quittaeas  Pond,  Lakeville. 
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Chemical  ExaminaHan  >f  WtUtr  from  Long  Pond,  LakevUU. 
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newbubtport. 

Water  Sopplt  op  Newbdrtport. 

Chemical  EjMmination  of  Water  fnta  a  Faucet  in  Newburyport,  mppUtd  from 
Che  Newburyport  Water  Works. 

[Puta  PM  100,000.] 
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Watbb  Supply  of  Newton. 

Chemical  Examinaiion  of  Water  Jrom  a  Fawxi  at  the  Newton   Water  Works 
Pumping  Station. 

[Put!  p*r  lOO/MD.] 
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NEWTON. 

Chemical  Examination  of  Water  from  the  Covered  DiatrHmUng  Beiervoir  of  the 
Newton  Water  Worka. 

[Ptru  par  100,000.] 
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NKWTON. 

Chemieai  Examinalion  of  Water  from  the  Main  Underdrain  of  the  Cheeteeake 

Brook  Division  of  the  Newton  Sewerage  Sytlem  —  Concluded. 

Averaget  by  Teari. 

[Pkili  per  100,000.] 
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NORTH  ADAMS. 


Water  Supply  of  North  Adams. 

During  the  years  1895  and  1896  a  reservoir  was  constructed  on 
Notch  Brook,  one  of  the  sources  of  water  supply  of  the  city  of 
North  Adams.  The  reservoir  was  prepared  for  the  storage  of  water 
by  the  removal  of  soil  and  vegetable  matter  from  its  bottom,  and  has 
an  ares  when  full  of  about  12.5  acres  and  a  storage  capacity  of 
90,000,000  gallons.  The  watershed  of  the  reservoir  consists  chiefly 
of  steep  slopes  covered  with  wood,  and  is  uninhabited. 

The  advice  of  the  State  Board  of  Health  to  the  hoard  of  health  of 
North  Adams,  relative  to  the  protection  of  the  purity  of  the  Notch 
Brook  supply  hy  the  removal  of  houses  on  the  watershed  of  the 
reservoir,  may  be  found  on  pages  73  and  74  of  this  volume. 

Storage   Reservoir,  North 
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NOKTH  ADAMS. 

Chemical  Examinaiion  of  Water  from  Broad  Brook  in  Potonal,  Vermont. 
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Watbb  Supply  of  Northampton. 
The  advice  of  the  State  Board  of  Health  to  the  city  of  Northamp- 
toD,  relative  to  takiog  an  additioDal  water  supply  from  Mill  River 
and  its  tribntaries,  may  be  found  on  pages  31  to  33  nf  this  volume. 
The  results  of  analyses  of  samples  of  water  from  Mill  River  and  its 
tributaries  are  given  under  "  Williamsburg." 
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NORTHAMPTON. 

Chemieai  Examinaiion  of  Water  from  the  Middle  Storage  Eeeervoir  of  the  Kortk- 

ampton  Waier  Workt  on  Boberta^  Meadow  Brook,  eolUoted  near  the  Surface. 
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Microscopical  Examination  of  Water  from  tA«  Middle  Storage  Betervoir  of  the 
Northampton  Water  Worlu  on  Bobertt^  Meadow  Brook,  ooUeeted  near  the  Sujface. 
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NOBTHAMPTON. 

Chemical  Examination  of  Water  from  the  Middle  Storage  Reservoir  of  the  North- 
ampton Water  Works  on  RoberW  Meadow  Brook,  collected  near  the  Bottom. 
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NORTEUMPTON, 

Mieroseopieal  Examination  of  Water  Jrotn  the  Middle  Storage  Beservoir  of  the 
Northampton  Water  Works  on  Roberts'  Meadovi  Brook,  collected  near  iJie 
Bottom  ^Concluded. 
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Works. 
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NOBTHBOBOnaH. 

Mieroicopicat  Examination  of  Water  from  the  Upper  Reservoir  of  the  Norlhborough 
Water  Works  —  Concluded. 
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Chemical  Examination  of  Water  from  the  Lower  Reservoir  of  the  Sorihbormigh 
Water  Works. 
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NORTHBOROUOH. 

Microscopical  Examination  of  Water  froni  the  Lower  Reservoir  of  the  Northborough 

Water  Works, 

[Number  of  organitms  per  cable  centloieter.] 
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north  bbookfikld. 

Water  Supply  of  North  Brookfield. 
Chemical  Examination  of  Water  from  Doane  Pond,  KortA  Brookfield, 

[Pan*  p*r  IDD.COO.] 
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ITOBTH  BROOKFTEI, 

Mieroteopieal  Examinaiion  of  Water /rom  Dootte  Pond,  North  BrookJMd. 

INnmberof  Dr(.D>>Dli  pet  cable  deotlmelBr,] 


ISM. 

- 

r«b. 

«- 

Apr. 

.., 

-■ 

JbI,. 

A»,. 

B«pt 

0* 

KOT,    IXK. 

!1 

» 

M 

w 

IB 

B 

JO 

^ 

H 

1»     IT 

SambnofMdipl 

1IW» 

.... 

•"" 

Hffil 

i«aM 

i«we 

ITOJT 

im7 

'"■ 

llflW 

;mo  iwM 

PLANTfl. 

Slatomaoeee.     .      .      .      . 

U 

14 

n 

364 

sn 

i» 

n 

1 

IB 

m 

m  4t 

S'.'iX"':   :   :   :   : 

> 

.: 

.? 

im 

31 

0 

2S 

s 

0 

i 

■•3 

U     S2 
14       fl 

Oysnopliycera, 

D 

D 

0 

B 

D 

0 

1 

1 

1 

■^ 

>      0 

! 

! 

I 

0 

s 

0 

s 

8 

n    0 

0      D 

■AlB» 

t 

« 

m 

0 

in 

n 

11 

n 

lat 

» 

H      1 

fclliZ;;  :   :   :   : 
IS'^^   :    :    :    ; 

\ 

I 

I 

s 

IS 

8 

0 

0 
M 

40 

i 

4       0 

0        0 

K      0 

«        0 
«       0 

Ainu  A  LB. 

t 

0 

a 

D 

B 

t 

g 

B 

B 

0 

0     c 

Inftiaorfa 

31 

41 

n 

W 

n 

to 

M 

IB 

M 

t,in 

en  4n 

sSr.;.  :   ;   :   : 

UODU 

PiridlDlum 

Sr.S  :   :   :   :   ; 

TlnilonWlum 

Vrogl,n.,  .       '.       '.       '.       ; 

; 

! 

6 

4« 

) 

14 

B 

g 

" 

1        0 

0     a 

a     a 

Vermes. 

0 

e 

" 

It 

1 

B 

0 

t 

B 

» 

0       0 

l^^^ 

' 

S 

s 

» 

0 
0 

B 

S 

I 

0      u 

i  " 

0 

6D 

t 

1DD 

IB 

« 

IB 

in 

IB 

«!,. 

Aurlu 

ZoBgla., 

t 

«0 

J 

ioo 

■! 

» 

■^ 

,.: 

^ 

iz 

Total, 

■2 

117 

'« 

» 

m 

^7 

.^ 

« 

*" 

H 

,ok\  m 

270  STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 

KORTH  BBOOKFIBLD. 

(Siemical  Exatainalion  of  Water  from  the  FiUered-waUr  WeU  of  Ou  North  Brook- 
fiOd  WaUr  Workn. 

[I>*[U  per  lOD.OM.] 
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NORTH  BaOOKBTEU). 

Microscopical  Examinalion  of  Water  from  the  Filtered-waUr  Well  of  the  North 

Brookfield  Water  Work»  —  Uoncluded. 
[Namtwr  of  arginlim*  p«r  cnblc  esDilmetar.] 
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NOBTHFIELD. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  NorthGeld, 
relative  to  the  protection  of  the  purity  of  Mil]  Brook  in  that  town, 
from  which  a  supply  of  water  for  several  families  is  taken,  may  be 
found  on  pages  74  and  75  of  this  volume. 
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[Psita  par  lOOVWO.J 


1 

irmttxct. 

".■;'.",sr 

i.,..,.. 

i 

Nlnoen 

t 

1 

1 

1 

1 

i 

4 
r 

! 

AJbumlnold. 

1 

1 

1 

i 

1 
1 

A 

IS  S 

Non.- 

Bllgbt. 
SUihl- 

S 

3.M 

1:S 

.613*.  noil 
-ouij.ooii 

.oom'.oooi 

.0»i«,OC») 

q!b 

Odor,  dlallnetl;  vcfcUble. Tbe  Ant  u 

lac  Ao«  MbId  Sirtd,  uid  ■bois  tb«  poloi  wfa« 
from  mil  Brook,  Jut  itioTe  Milo  Sli»l,  at  Uie 


E0ll«t«d  from  Mill  B 


ITMI,  O;  So.n9a,l3. 


272 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


NORWOOD. 

Water  Supply  of  Norwood. 
Reference  was  rnade  in  the  last  annual  report  to  the  disagreeable 
taste  and  odor  in  the  water  from  Buckmaster  Pond,  caused  by  the 
organism  Uroglerui.     Trouble  from  this  cause  continued  through  the 
spring  of  18if7,  but  ceased  early  in  the  summer. 

Chemical  Exaiuimtion  of  Water  from  Bucknuutfr  Pond,  Dedhani. 
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KOBWOOD. 

Microscopical  Examination  of  Water  from  Buekmaater  Pond,  Zkdhatn. 

[Number  of  orguiliiiu  per  cubLa  «nllinat«r.] 
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NORWOOD. 

Table  showing  Heights  of  Water  in  Bucktnasler  Pond  on  the  First  of  Each  Month 
in  1896. 

[DIiUdm  I]«Io«  crMt  ot  dun.] 
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Chemical  Examination  of  Wattr  from  North  Pond,  Orange. 
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OBANOE. 

Microaeopical  Examination  of  WaUr  from  North  POTtd,  Orange. 
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OB&MQE. 

Gtemical  Examination  of  Water  from  the  DittrUiuling  Reservoir  of  the  Ora 
Water  Worka. 
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Water  Supply  op  Peabody. 

The  organism  Uroglena  appeared  io  the  water  of  Brown's  and 
Spring  ponds  in  the  early  part  of  1896,  giving  the  water  a  disagree- 
able taste  and  odor,  which  was  especially  noticeable  in  Spring  Pond. 
The  water  of  these  ponds  passes  into  a  lower  basin  before  entering 
the  pipe  to  the  town,  but  no  organisms  were  found  in  the  samples 
of  water  collected  from  this  source. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Peabody 
with  reference  to  the  desirability  of  taking  certain  lands  on  the 
watershed  of  the  lower  basin,  in  order  to  protect  the  water  from 
contamination,  may  be  found  on  page  75  of  this  volume. 
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PBABODY. 

Otetnical  Examinalion  of  Water  from  Brovn'a  Pond,  Ptabody  —  Concluded. 
JuerojreJ  by  Tears. 

[Pkcta  par  1IM,DOO.] 
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PE&BODX-. 

Chemical  Examination  of  Water  from  Spring  Pond,  Peabodg. 

[Piru  p«r  1IW,DM.] 
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PBABODT. 

Microacopicat  Examinalion  of  Water  from  Spring  Pond,  Peabody  —  Concluded. 

[Xamber  of  orgmDttnu  par  coble  HotlmBtdT^] 
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FEABODT. 

Microscopieal  Bxamtnalion  of  Water  from  the  Lower  Batin,  Peaixydy  Waier  Works 
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PEMBROKE. 

MicTvicopical  ExaTttinalion  of  Water  from  Stiver  Lake  in  Pembroke. 

[Nnmber  of  ot|uImu  iwr  cubic  cuiUdMMr.] 
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PBUBKOKE. 

Chemieal  Examination  of  WaUrfrom  Oldham  Pond  and  Tubba  Meadow  Brook  in 
Pembroke. 
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The  advice  of  the  State  Board  of  Health  to  the  city  of  Pittsfield 
with  reference  to  taking  an  additiooal  water  supply  from  certaia 
brooks  in  the  vicinity  of  the  city  may  be  found  on  pages  33  to  35  of 
this  volume.  Analyses  of  samples  of  water  collected  from  these 
brooks  and  other  sources  may  be  found  on  pages  277  to  279  of  the 
annual  report  for  1895. 

Cbemioal  Examination  of  Water  from  Sacixt  Brook  Reservoir,  PUUfield. 
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PITT3FIELD. 

Chemical  Examination  of  Water  from  Socket  Brook  in  the  Vieiniti/  of  the  Pumping 
Station  of  the  PittaJSeld  Water  Works. 

[P«rU  ptl  100,000.] 
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Chemical  ExaTnination  of  Water  from  Hathaway  Brook  Benrvoir,  PiUtfleld. 
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i 

Arruusoi.           '    tv.i-,.BA- 

AM-O,... 

i 

.07 

0. 

« 

.00 

»».„ 

:i 

t 

i               i 

1 

1 

1 

1 

1 

3 

i 

it 

1 

1 

1^ 

1 

lUU 
IJMO 
IBIM 

Oct.  17 

DM.11 

None. 

V..Ughl. 
Noo.. 

Nod.. 

V..Hghl. 

V..I1gh.. 

Bllgbt. 

V.illghl. 

filtghl. 

Sllghl. 

M 
,09 
,03 

.01 

s.oo 

4.39 
1.0$ 
7.10 

MS 
0  70 

.0008 

.0002 
.0001 

:2:::;: 

.0040  .00301. OUIO 

'E 

■ 

.0000 
.0000 

.01 

.IJ 

... 

A» 

.01 

(.4i 

0.0. 

,m  ™.l  ~ 



Odor  la  J  dm,  Moil)'  vigiubleiuid  moaldr;  stoIhertlniH,  dod*. 

Microscopical  Examination. 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


PLYMOUTH. 


Water  Supply  of  Plymouth. 
The  organism  C7ro<;fe«a  appeared  in  the  water  of  Little  South  Pond 
in  the  latter  part  of  1895,  and  was  present  until  late  in  the  spring  of 
1896,  giving  trouble  during  much  of  this  time  on  account  of  the  fiahy 
taste  which  it  imparted  to  the  water.  The  advice  of  the  State  Board 
of  Health  to  the  water  c. muni ssinn era  of  the  town  of  Pl^-mouth  rela- 
tive to  impntvmrr  the  quality  of  the  water  supply  of  the  town  may  be 
tound  on  pagea  35  lo  37  of  this  volume. 

CAtmieat  Examination  of  Waierfrom  I.iUU  South  Pond,  PlynunttA. 
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PLYMOUTH. 

Chemical  Examinaiion  of  Waterfront  Great  South,  Bool  and  Lout  Pondt, 

PCt/mouth. 

[PtTU  par  loo.ODO.] 
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(^emical  Examinatitm  of  Waterfront  the  Tubular  Wells  of  the  Provincetown  Water 
Worke. 
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JtieroKopieai  Examination  of  Water  from  the  Tubular  Welti  of  the  Frovineeiouin 
Water  Works. 
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PBOVENCETOWN. 

Chemical  Examination  of  Water  from  the  Slandpipc  of  the  Provinceloum  Water 


Works. 
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Chemicat  Exammalion  of  Water  from  the  Storage  Seservoir  of  the  Quiney  Water 
Works. 
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Mieroseopieal  Examination  of  WeUer  from  the  Storage  Raervoir  of  the  Quina/ 


WaUr  Works. 
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Tiibk  thovting  Eeights  of  Water  in  the  Storage  Beservoir  of  the  Quiney  Water 
Works  on  the  Firtl  of  Each  Month  in  1896. 

[Hlgh-wUar  mark  li  M.Tl  tMl  aboT*  olty  but.] 
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BANBOL.PH  AND  HOL.BBOOK. 

Microscopical  Examination  of  Water  from  Great  Pond  in  Randolph  and  Braintree 

[Number  of  organismi  per  cnbie  oentlmeter.] 
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Water  Supply  of  Reading. 

In  July,  1896,  a  mechanical  filter  was  put  in  operation,  through 
which  all  the  water  supplied  to  the  town  is  passed.  Water  from 
the  filter-gallery  is  first  pumped  to  a  tank,  on  entering  which  it  is 
treated  with  milk  of  lime.  As  the  water  passes  through  the  tank,  it 
is  aerated  by  means  of  perforated  nozzles  in  the  bottom  of  the  tank, 
supplied  with  compressed  air.  From  this  aerating  tank  it  passes  to 
the  settling  tank,  receiving  in  its  passage  from  one  tank  to  the  other 
a  solution  of  aluminum  sulphate.  In  the  settling  tank  a  large  por- 
tion of  the  iron  is  precipitated,  and  the  supernatant  liquid  passes 
to  the  filters,  which  consist  of  6  circular  tanks,  8  feet  8  inches  in 
diameter  and  8  feet  deep,  partially  filled  with  sand.  From  the  filters 
water  passes  to  a  small  storage  tank,  from  which  it  is  pumped  to  the 
stand-pipe  and  supplied  to  the  town.  The  filters  are  washed  out 
each  day,  by  reversing  the  current  of  water,  at  the  same  time  agi- 
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tating  the  sand.  It  will  be  seen  from  ttie  tables  of  aaalyaes  which 
follow  that  a  large  proportion  of  the  iron  is  removed,  but  that  the 
hardness  of  the  water  ie  greatly  increased  :  — 

Chemical  SxamineUion  of   Water  from  the  Filter-gallery  of  Ike  Reading  Water 
Woriu. 
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BEADora. 

Miemcopical  Examinaiicm  of  WiUer  from  the  FiUer-galUry  of  the  Reading 

Water  Works. 

[KDDibtr  of  otcknUn*  per  caUs  MDUnaUr.] 
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bevebb  and  winthrop. 

Wateb  Sdpplt  of  Revebe  and  Winthrop  —  Revere  Wateb 

Company. 

The  advice  of  the  State  Board  of  Health  to  the  Revere  Water 

Compaoy,  relative  to  securing  au  additional  water  supply,  may  be 

found  on  pages  37  to  39  of  this  volume. 

The  wells  of  this  company,  located  at  Revere,  receive  a  large 
amount  of  sea-water,  which  increases  with  the  increased  draft  on  the 
wells  during  the  summer  and  fall,  making  the  water  exceptionally 
hard  and  giving  it  a  saline  taste. 

Chemical  Examinalion  of  Water  Jrom  the  Wells  of  the  Revere  Water  Company  at 
[Putt  por  lODjxw.] 
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Xieroseopicat  Examination. 
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RBV&BB  AND  WINTHROP. 

Chemical  Exmnination  of  Water  from  Tubular  Well)  of  the  Severe  Water  Company 
at  Cliflottdale,  Saugua. 

[Pirta  per  100,000.] 
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BETXBE  AND  ■WTNTHBOP. 

Chemical  Examination  oj  Waier  from  Tubuiar  Tat  WetU  in  Bever€. 

[P*tt»  p«r  1(N),M0.] 
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Chemical  Examination  of  Water  from 

[P>rti  pn  100,000.] 

1 

TSiS' 

A»,.u. 

«,™,„ 

1 

If 

i 

1 

1 

1 

s 

i 

i 

1 

1 

? 

ii 

1 
1 

laM  ' 

'I       1 

1 

IHOl 

J>D,!OI 

""!iV 

BUghl. 

.33  lllIAd    1.00 

.OOM.  01681.  OlMlOOU 

..u 

.0010,0001 

u.« 

lOOM 

Feb.  it; 

Da^:j.'i: 

Cob...       ■i."<U.«l3.00 

.0000  .0X14  .oiso!.oo«4  B.at 

.0000.0000 

-JI 

o.e 

.oooo:.oito'.oi«.|.oow'b.,ti!.oo3o!.oooo 

.O(io«.oi4a..oia4].oo»'6.i0|j.ooio.oooo]ije 

loots 

Dtnlnot, 

eilEbt.      .so    I3.2B   a.oi  .[.OMH!.Diss..oi3sl.Dou|».ua  .ODOOJ.OOOI 
v.. light,  .as    11. »  i.«  1.ob«s.o2m!.o27».oom  t.Ji.ooTol.oooa 

w 

1  1 

DUIlDOt, 

Slight,    i.ao  .  u.«,  i.40  l.o««..on8'.oii§.ooao'6.ooLoo30.oooi 

19011 

Dk.  b 

DUiloM. 

Blight,        .»      11.40    1.70     .00O4.0103|.01M|.00M  B.OOJ.WOOl.OOOO 

i.i 

No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 


301 


KOCKFORT. 

Chemieai  Examination  of  Water  from  Cape  Pond,  RoelgMti—  CoDcInded. 

Averages  by  Yean. 

[P«rti  p«r  loo.ooo.] 
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Mitrotcopicai  Examination  of  Water  from  Cape  Pond,  Bockport. 
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saleu  axd  bevbbi.y. 

Water  Supply  of  Salem  anb  Bevehlt. 

The  character  of  the  water  of  Wenbam  Lake  has  been  affectod 

during  the  years  1895  and  1896  by  the  mixture  with  it  of  water 

from  the  Longbam  Meadow  Reservoir,  which  has  a  much  higher 

color  and  contains  more  organic  matter  than  the  water  of  the  lake. 

Chemical  Examination  of  WaUr  from  Wenhan  Lake,  in  Beverly  and  Wenham. 
[Pitu  p«r  100,000.] 


Apt.   8 

Slliht. 

I1.TI3 

DMttHt. 

JooelO 

9ll|ht. 

Jul,  8 

DIiUdoI, 

a.p(.ia 

while. 
Bllgbl. 

0«t.  12 

DinlDCI. 

NOY.IO 

Dlnlnol, 

D.C,  T 

»'«">"■ 

euiht. 
eiigbt, 

Bliiht! 


I  u 


III  i 

111 


ll.01».aiHi|.TB 


Averages  by  Tean, 


' 

1«M 
ISW 

IIM 
IWI 

lan 

MM 

- 

- 

.OS 
.0* 
-OJ 

.» 

.31 

LIS 
4.U 

i.ia 

0.82 
l.DS 

.vm 

,0014 

Z 

.MM 

.ooao 
.oo» 

:d : 

.oi7».om 

.0137.0101 

.  Oils',  oiu 

.ooasi.M 

.«.|.„ 

.0034' .72 
.OOW  .W 

00111  .BO 

Zil 

.DOTT'.oooa 
.ooas.oooi 

.ao 

.21 

!.4 

1.0 

amuplueautlon;  tbe  otl 
For  moDlbly  recocd 


.890:  Odor,  nnerkllr  dlillactly  7e»tabl« 
No*.  IMTS,  1«04»,  181A0,  ITRf)  ua  18011 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 


303 


SALEM  AND  BETEBL.T. 

Microscopical  Examination  of  Water  from  Wenham  Lake,  in  Beverly  and 
Wenluim. 

[Nnmbar  at  orgmtima  per  cable  MDtitil*I»r.[ 
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BAT.TtuT  AMD  mrwnT.v. 

Tabk  showing  HeighU  of  WaUr  in  Wenham  Lake  on  the  Ftral  of  Each  Month  in 
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Wateb  Supply  of  Shaboh. 


Ohemieal  Examination  of  Water  fivm  the  Welt  oj  the  Sharon  Water  Works. 
[Puu  pw  100,000.) 
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Microscopical  Examination. 
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Sheffield. 
The  advice  of  the  State  Board  of  Health  to  the  Sheffield  Water 
Compaoy,  relative  to  taking  water  for  the  supply  of  the  town  of 
Sheffield  from  Iron  Brook,  which  flows  from  Three  Mile  Pond  in 
that  town,  may  be  found  on  pages  39  and  40  of  this  volume. 
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SHEFFIELD. 

Chemical  Examiiialioii  of  Water  fi-om  Smith's  and  ClarKs  Springs  in  Sheffield. 

(Pan*  |>«r  100,000.] 
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Chcnikal  Examination  of  Water  from  Iron  Brook  in  Sheffield. 

[Pkrta  p«r  100.000.] 
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Sherborn. 

Chemical  Examination  of  Water  fnm  Farm  Fond  in  Sherborn. 
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Microieopieal  Examinalion  of  Water  ftvm  Farm  Pond  in  Sherborn. 

[Nanbar  of  or(wiliiDi  par  eobto  eamtniatar.] 
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SHEnBORV. 

Mieroseopiciit  Examinalion  of  Water  from  Farm  Fond  in  Sherbom  —  CoDcludod. 

(^>un]lH^of  orgiiil'nii  per  nMc antlmeMr.] 
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Water  Supply  op  Somkhvillb. 
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WaTEH  SOPPLT   of   SoCTHBRIDQE  —  SODTHBEIDOE   WaTER   SuppLT 
COMPANIT. 

The  works  of  the  Southbridge  Water  Sapply  Compftny  were  en- 
larged in  1894  by  the  construction  of  a  reservoir  on  Hutchet  Brook 
in  the  soatherly  part  of  the  town,  from  which  water  is  supplied  to 
the  town  by  gravity.  Much  of  the  soil  and  vegetable  matter  is  said 
to  have  been  removed  from  the  arcs  covered  with  water.  The  reser- 
voir bs8  a  watershed  of  3  square  miles,  which  coatatus  a  very  small 
population. 

Ckemieal  Examinalitn  of  Water  from  tXe  Lower  Reservoir  of  the  Southbridge 
WaUr  Worki. 

[F>rt>p«r  100,000.] 
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ificroscopical  Examination. 
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SOUTHBRIDGE. 

Chemical  Examination  of  Water  from  the  Hatchet  Brook  Setervoir  of  the  South- 
bridge  Water  Worts. 
[PirU  per  100,000.] 
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Microtcopical  Examination  of  Water  from  tite  Salehet  Brook  Reservoir  oj 
Southbridge  Water  Works. 
[NDnb«t  ol  ortiDkani  par  enbia  etnilnKtw.] 
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SOUTH  BRIDGE. 

Microscopical  Examination  of  Water  from  the  Balehtl  Brook  Beaervoir  of  the 
Southbrid^  Water  TTorjbi— Concluded. 
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sfrogfield. 

Watkr  Supply  of  Sprikgfield. 
Water  from  the  Ludlow  Reservoir  was  used  for  the  supply  of  the 
city  until  July,  1896,  at  which  time  the  taate  and  odor  of  the  water 
became  so  objectionable  that  its  use  was  discontinued.  Water  was 
pumped  from  Cbapia  Pond  from  July  ?  until  Sept.  7,  1896.  Dur- 
ing an  investigation  by  the  Board  relative  to  the  best  method  of 
preventing  the  occurrence  of  tastes  and  odors  in  the  water  of  Ludlow 
reservoir,  frequent  samples  of  water  from  various  sources  in  the 
vicinity  were  analyzed.  The  results  of  the  analyses  are  given  in  the 
tables  which  follow. 


Chemieal  Examinntion  of  Waitrfrom  the  Canal  which  convtys  Water  from  Jabiah, 
Axt  Factory  and  Broad  Brooki  to  tht  Beceiving  Basin  of  the  Sprinqfitid  Waier 
Works,  at  Ludlow. 
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SPBINGFrELD. 

ilicroscapieal  Examination  of  Water  from  the  Canal  which  conveys  Water  f^rom 
Jabish,  Axe  Factory  and  Broad  Brooks  to  the  Seeeiving  Basin  of  the  Spring- 
field  Water  Works,  at  Ludlow. 

[ETDDitwr  of  orgMilami  par  cobls  unll  malar.] 
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SPRINGFIELD. 

Chemxcnl  Examination  of  Water/mm  the  Beeeivirtg  Satin  of  Che  Sjiringfdd  Water 
Works,  at  Ludlow. 
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SPRINGFIELD. 

Mieroseopieal  Examination  of  Water  from  the  Rttxiving  SaHn  of  the  Springfield 
Water  Worka,  at  Lvdlow. 


!»>•. 

J.n. 

Feb.  {  Uu. 

Apr. 

Ht,. 

Jnn.,  Juno, 

Jnl7.|jnlr. 

Julj. 

" 

i«n» 

10 

14 
IBSSB 

13 

.«« 

,. 

B    1    It 

"" """  1"";: 

PLANTd. 
Cyclolelli, 

KCSi''   :    ;    :    :    ; 

Sa'  :■•::■ 

sS^'  :    :    :    :    : 
ffife,  :   :   :   :   : 

Cyanophycaas 

Aubsna 

CtuKxphBriBin 

Alga. 

Caluiram 

l-cdlutnim 

af=r:   :   ;   :   : 

Slurulruiul 

II 

S 

B 
0 

a 

D 

M 

M 

u 

8 

g 

1U 

M 

111 

eo 
t 

0 

m 

"l 

! 

78 
SI 

ss 

IS 

lU 

«a 

w 

t4 

tat 

n 

tst 

i 

9 

ID 
2 

m 

4SIM4L8. 
Inftiaoria 

Euiilani,    ''.'.'.'.'. 
ym!\"n\^sa,    '.'.'.'.'. 

Vo»I«lla,      .'    '.       '.       '.       '. 
Vermes,  Anara,    .... 

CruBCacea. 

iSa    ;   ;   :    :   : 

0 
0 

g 

0 

0 

1« 
0 

4 

H 

a 

1 
a 

at 

a 

a 

.11 

.04 

6t 

» 

B 
.14 

n 

a 
a 

JHtcrltantBU 

AmlliiL. 

t 

0 

D 

: 

0 

g 

ag 
w 

,n 

4a 

« 

s 

.M 

4a 

loa 

lOO 

Torn, 

"1  ' 

Jl 

^ 

■m_ 

•",  '- 

-I-- 

314  STATE   BOARD   OF  HEALTH.         [Pub.  Doc. 

SPRIVOFIELD. 

Microscopical  Examination  of  Water  from  the  Beceiving  Bnsin  of  the  Springfitid 
Water  Work*,  at  Lurffout  — CoDcliiHcd. 
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SPBIKOFIELD, 

(^emkal  Examination  of  Wider  from  the  Receiving  Batin  of  the  Springfield  Water 
Works,  at  Ludlow,  collected  Seven  Feet  beneath  the  Surface- 

[p»na  par  100,000.} 
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SPBINOFIELD. 

Vhemical  Examination  of  Water  from  Ludlow  Seaereoir — Concluded. 

[Paru  pw  100,000.] 
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SPRINGFIELD. 

Microscopical  Eximinalion  of  Wdttr  from  Ludlow  Betervoir. 
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BPRIITGFrEtJI. 
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(^emicai  Examination  of  WaUrfrom  Fan  Earn  Setenoir,  Springfield. 
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SPBIHOFIELD. 

Microscopical  Examination  of  Water  from  Loon  Pond,  Springfield — Concluded, 

[Number  ot  orginlinii  per  eable  oeDllniMgr.] 
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Chemical  Examination  of  Water  from  Five  MUe  Pond,  Springfield. 

[Parti  par  100,000.] 
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SPHINOPIELD. 

3liem4X^al  Examination  of  Water  from  Five  Mile  Pomt,  Springfield. 

(NniDber  of  orgnliDW  par  coble  eantlmeUr.] 
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Water  Supply  of  Stockbridge. — Stockbridoe  Water  Com- 
pany. 
The  water  of  Lake  Averic  was  affected  in  the  months  of  Novem- 
ber and  December  by  the  presence  of  the  organism  Uroglena,  which 
imparted  a  disagreeable  taste  and  odor  to  the  water. 
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STOCKBSIDGB. 

Ckemieal  Examination  of  Waker  from  Lake  Averic,  Slockbridge. 

(FirU  par  10I>,IW>.] 
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Microieopieal  Examination  of  Water  frotn  Lake  Averic,  Stockbridge. 
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STOCKBRIDGE. 

Microscopical  Examination  of  Water  from  Lake  Averic^  Stockbridge  —  Concluded. 

[Number  of  organttmt  per  cable  centimeter.] 
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Water  Supply  of  Stoneham. 

(See  Wakefield.) 


Water  Supply  of  Swampscott  and  Nahant. — Marblehead 

Water  Company. 

The  water  supplied  to  Swampscott  and  Nabant  during  1896  was 
drawn  from  three  sources,  viz. :  a  large  well  and  a  group  of  72 
tubular  wells  in  tbe  valley  of  Stacy's  Brook,  not  far  from  tbe  sea- 
shore ;  a  system  of  tubular  wells  in  Paradise  Road ;  and  a  system 
of  tubular  wells  a  short  distance  east  of  the  Swampscott  station  on 
the  eastern  division  of  the  Boston  &  Maine  Railroad.  The  wells  in 
the  valley  of  Stacy's  Brook  are  located  in  densely  populated  terri- 
tory, and  are  probably  affected  by  the  presence  of  a  small  amount 
of  sea-water. 
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BWAMPSCOTT  ASD  NAUANT. 

The  advice  of  the  State  Board  of  Health  to  the  Marblebead  Water 
Company  relative  to  taking  an  additional  water  supply  from  the 
ground  in  the  neighborhood  of  Thompaon'a  Meadow  in  Salem  may 
be  found  on  pages  40  to  42  of  this  volume. 

Chemical  Examination  of  Water  fivmlAe  Weill  of  the  MarbUAcad  Water  Company, 
SwampscoU. 
[Piru  p«r  10D,MW.] 
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8WAMPSCOTT  AND  SAHANT. 

CAemieal  Examinalion  of  Waler  from  a  Sysltm  of  TuOular  Wells  in  the  Valley  of 
Staey''s  Brook,and  from  a  Syaltmof  Tubular  Wells  in  Paradise  Road,  8  mamp- 
tcotl. 
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3/icroscopieal  Examination. 
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SWAMPaCOTT  AND  NAHANT. 

Cheinicat  Examination  of  Water  /rom  Tut  Welh  at  (he  Southerly  End  of  Thomp- 

Km"!  Meadow  in  SwampteoU  and  Satem. 

[Puru  par  100,000.] 
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Chemical  Examination  of  Water  from  a  Pond  in  SmampieoU. 

[Parta  par  lOO/MO.] 
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TADKTOK. 

Watee  Supply  of  Tadnton. 
Chemical  Examination  of  Water  fivm  AuawompteU  Pond,  LakevilU. 

[PmM  p«r  100,000.] 
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TAUNTOy. 

SticrosmpKat  Examination  of  Water  from  Aatawompsett  Pond,  LaJcevilU. 

EtfnmtMr  of  orBanlimt  per  cable  ontlmaUr.] 
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TAnWTON. 
Chemical  Examination  of  Water  from  Etdtr'i  Pond,  Lakevmo. 

[FeM*  p*r1«>,M».] 
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TAUjrro:?. 

Microscopical  Examination  of  Water  from  Elder"*  Pond,  Laieville. 

[NnmlMr  of  oriaoltnu  par  snUe  notlniMar.] 
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TiUKTON. 

CAemieal  Examinatioa  of  Waier  from  the  FiUtr-baain  of  tht  Taunton    Water 
Works. 
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TAUNTON. 

Microscopical  Examination  of  Water  Jrom  the  Filter-basin  of  the  Taunton  Water 

Works. 

[Nuaib«r  of  orgmniims  per  oabic  eeDtimeter.] 
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TiaBDHT. 

Wateb  Supply  op  Tisbuet. — Vineyard  Haven  Watee  Company. 

ChemiaU  Examinaiion  of  Walerfrom  the  FiUer-galUry  at  Tathmoo  Spring. 

[Put!  p«  lOO.OOO.] 
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Wateb  Supply  of  Uxbridob. 


The  advice  of  the  State  Board  of  Health  to  the  town  of  Uxbridge 
relative  to  the  quality  of  the  water  in  the  well  in  Capron's  Mill  Yard, 
which  has  been  used  as  an  auxiliary  source  of  public  water  supply  for 
the  town,  may  be  found  on  pages  42  nnd  43  of  this  volume.  An 
analysis  of  a  sample  of  water  collected  from  the  well  is  given  below. 

ChemiaU  Examinalvm  of  WaUrJrom  a  Well  in  the  Tard  of  Capron's  Mill. 
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WAKKFTELD  AND  STOXEBAM. 

Wateb    Supply  of  Wakefield  and  Stoneham.  —  Wakefield 
Wateb  Company. 

Chemieai  Examination  of  Water  from  Crystal  Late,  Wakefield. 
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WAKEFTELB  AND  STONEHAM. 

Microscopical  Examination  of  Water  from  Crystal  Lake^  Wakefield, 

[Number  of  organUmi  per  cable  oentimeter.] 
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WAI.POLE. 

Watee  Supply  of  Walpolb. 
PopulatioD  in  1895,  2,994.  The  works  are  owned  by  the  town, 
and  were  completed  in  January,  1896.  The  source  of  supply  is  a 
system  of  tubular  wells  in  the  valley  of  Low  Brook,  about  a  third  of 
8  mile  above  its  junction  with  the  Neponsot  River  in  the  southerly 
part  of  the  town.  The  system  consists  of  7  two  and  one-half  inch 
tubular  wells  and  83  two-inch  tubular  wells,  sunk  to  depths  ranging 
from  35  to  60  feet.  The  wells  are  driven  in  two  parallel  lines,  at 
right  angles  to  the  brook,  one  extending  from  the  pumping  station  to 
the  brook  and  the  other  line  about  50  feet  away,  extending  across  the 
brook.  Water  from  the  wells  is  pumped  directly  into  the  distribnt- 
ing  pipes  and  to  two  covered  iron  tanks,  one  at  East  Walpole,  25 
feet  in  diameter  and  45  feet  high,  and  the  other  at  South  Walpole, 
20  feet  in  diameter  and  35  feet  high.  Distributing  mains  are  of  cast 
iron,  and  service  pipes  are  chiefly  of  wrought  iron,  lined  with  cement. 


Chemieal  Examination  of  Water  from  the  Wells  of  the  Waipole  Water  Workt. 

[FarU  par  100,000.] 
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WAI.THAAf. 

Water  Supply  op  Waltham. 

<Aemical  Examinatitm  of  Water  fhym  the  Well  and  FiUer-baiin  of  the  WaWtam 
Water  WorU 
[Put*  p*r  loa.MM.] 
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WALTHAH. 

Chemical  Examination  of  Water  from  the  DiMrGMUtng  Setervoir  of  the  WaUham 
Water  Workt. 

[Put!  par  100,DM.] 
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WAXTHAM. 

Mieroteopieal  ExamimUion  of  Water  from  the  Diatributing  Bexrvotr  of  the 
WaUham  WaUr  Workt. 
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The  advice  of  the  State  Board  of  Health  to  the  trustees  of  the 
Klnssachusetts  School  for  the  Feeble-minded,  in  Waltham,  rehitive 
to  the  prevention  of  bad  tastes  and  odors  in  the  water  supplied  to 
that  institutioD  from  the  city  of  Waltham,  by  covering  the  iron  tank 
ia  which  the  water  supplied  to  the  school  is  stored,  may  be  found 
on  page  23  of  this  volume. 
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WAI,THAH. 

Chemieai  Eiaminalion  of  Water  from  FaueeU  at  the  MaiiaehuteUe  School  Jbr 
Feebk-minded,  supplied  frmn  the  Waltham  Water  Worla. 

[PkrU  ftr  lOO.OOa.] 
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relative  to  the  quality  of  the  water  supplied  to  the  town  may  be  found 
OD  page  43  of  this  volume. 

Chemical  Exmiination  of  Water  from  the  WeUt  of  the  Ware  Water  Works. 
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WABB. 

CAmiical  Examination  oj  Water  Ji-om  the  Open  Distributing  Setervoir  of  the  Wan 
Water  Works. 

[PlrU  par  IKI.OOO.] 
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WASpiNOTON. 

Wabhington. 
Chemical  Examination  of  Water  from  Clapp'a  Pond,  WashingUm. 

[P.rt.p.r  100,000.] 
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watebtown  and  bblmoxt. 
Watbb   Supplt  of  Watebtown   and   Bblhont.  —  Watbbtown 
Water  Supplt  Cohpant. 
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Walerlown  Water  Supply  Company, 
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WATEBTOW!!  AND  BELMONT. 

Mieroacopical  Examination  of  Water  from  a  Faucet  iu  the  Pumping  Station  of 
the  Walertown  Water  Supply  Company. 
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WATEBTOWN  AND  BELMONT. 

Microscopical  Examitvitioa  of  Water  from  a  FaueH  in  Waterlovm,  supplied  from 
the  Works  of  the  Wateriown  Water  Supplt/  Company. 

lIToniberof  orsuliiu  P>r  euMo  HDllmelar.] 
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Qtemiecd  Examination  of  Water  from  Fawxts  in  WaUrtown,  supplied  from  the 
Works  of  the  Waiertourn  Water  Supply  Company. 
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Water  SoppLr  op  Watland. 

Chmticai  ExamintUion  of  Water  from  the  FiUei^galUrg  of  Ae  Wai/land  Water 
Worki. 
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Chemical  Examination  of  Water  from  the  Well  of  the  WebsUr  Water  Worki. 
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CAemi'eal  Examination  of  Water  from  Ike  Welt  of  the  WelfSter  Water  Works— 

Concluded. 

Averages  by  Years. 

(Parta  per  lOOvOCO.] 
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Chemiedl  Examination  of  Water  from  the  Filtcr-galleri/  of  the  Welleslcy  Water 

Works. 
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Vticmical  Examinafion  of  Water  fivm  the  Welt  of  Ihe  WelUOty  Waler  Workt. 

[Pirta  per  100,000.1 


1 

Ar 

»»,.^ 

i 

A.M»>.^ 

j 

..^... 

3 

i 

1 

i 

I 

1 

1 

J 

1 

j 

1 

IMW 

JTi 

Smw. 

V..ll,ht. 

.01 

E.M  j 

.WM 

.tt 

AM 

.OWM 

.M 

>.B 

.0010 

law 

..„,. 

Seat. 

V.*llfht. 

.04 

0.00 

DOM 

.00» 

.T3 

.». 

.MOO 

Jl 

1.4 

.0010 

ITU] 

Brpt.U 

iroH. 

Bniu. 

.01 

1.10 

N» 

oon 

.n 

- 

■"» 

Js 

..0 

.OOM 

Average*  by  Teari. 


- 

iMir 

IMSJ 
IN»t| 

.00 

.00 

.03 

-OS 

.0» 

8. It 

i.oo 

8.8S 

.UOO 

.OtNM 
.0003 
.OMl 

JMU 
.OOM 

.SO 

.0000 

.WIS 

.HMO 

.0001 

.DUI 

.oaoo 
,0000 

fft 

.IS 

4.) 

.0000 

.ooos 

a.pt.01)* 

to 

^l»r. 

tJ 

<1\J. 

f  J« 

oaud 

Oolobi 

II  Jd 

ymnd 

AUKUI 

Microscopical  Examinaliott. 

imlMr  Df  orginliiu  wu  louDd  Id  umpli  Ha.  i;i41;  I 


Chemical  Examinalion  of  Waler  from  the  Distributing  Reservoir  of  the  WtUetlcy 
Water  Works. 
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Chemical  Examinaltoa  of  Water  from  Rosemary  Brook  in  Welletley. 
[P""  p»'  100,000.1     
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WESTBOROrOH. 

Water  Supply  op  Westborough. 
Chemical  ExamiiKUion  of  Water  from  the  Upper  Sandra  ResenxHr,  Weilborottg'h. 

[PtiUparVH.OOD.] 
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Microscopical  Examinatioti  of  Water  from  Ihe  Upper  Sandra  Seservotr, 
Westborough. 

(Numb«r  ol  ariiDlama  per  cubic  caDllnutn.] 
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W£STBOROUGH. 

Microscopical  ExamihcUion  of  Water  from  (he  Upper  Sandra  Reservoir^ 

Weslborough —  Concluded. 

[Number  of  organisms  per  enbic  eentlmeter.] 
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AVE9T  BOROUGH. 

Chemical  Examination  of  Waltr  Jrom  the  Lower  Sandra  StMrvoir,  Weslborough. 

(PirU  per  KW.WO.] 
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Mierotcopical  Examinalion  of  Water  from  the  Lower  Sandra  Reservoir, 

Weslborough. 

[NuDlxc  ot  orginbrn.  p.r  subl.  «iill>»ter.] 
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WXSTBOBOUOH. 

Mieroieopieat  ExatninaUon  of  Water  from  the  Lower  Bandra  Btservoir, 
Westboroug/i —  Concluded. 

[Nnnibar  of  eifuilHDt  par  cabin  UDIlawtal.] 
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WBSTBOnOUQH. 

Chemical  Examination  of  Water  fn^m  Chaunet/  Fond,  WeMboruugh. 

[Part*  per  lOO.OOO.] 


1 

»„„». 

'"vTmL^ 

^.„.. 

.41 

Kiraoaur 

1 

3 

! 

1 

1 

1 

1 

1, 

1 

1 

1 

1 

il 

J 

U2U 

mil 

T.illght. 

V..ll|hl. 

4.«> 

!t.U 

1.T0 

1  m„ 

.OMO 

:»» 

.». 

r. 

l.I 

NuTiloiDilj'KaDtlBM:  Odor,  filniljr  nfaubla. Tbs  ampin  wsn  colJcetnt  from  ■  fUMt  bI 


Microscopical  Examination. 

grgiDlanu  wu  fODDd  la  lbs  UnL  Hmp 


Water  Scpply  of  Webtfield. 
Chemical  Examination  of  Water  from  the  Weslfield  W<Uer  Works. 

[Pirti  par  IM.ODO.] 
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WESTFIEMJ, 

Microscopical  Examination  of  Water  from  the  Westfield  Water  Works, 

[Number  of  orgaDisms  per  cable  centimeter.] 
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Water  Supply  of  Weston.  —  Weston  Aqueduct  Company. 

Population  in  1895, 1,710.  The  works  are  owned  by  the  Weston 
Aqueduct  Company,  and  water  was  first  introduced  in  January,  1896. 
The  source  of  supply  is  a  well  situated  in  the  valley  of  Cherry  Brook. 
The  well  is  11  feet  in  diameter  and  25  feet  deep,  built  of  stone  laid 
without  mortar  and  covered  with  a  wooden  roof.  Water  is  forced 
from  the  well  to  the  town  and  to  a  covered  distributing  reservoir  50 
feet  in  diameter  and  15  feet  deep,  built  of  stone  and  lined  with 
cement.  Distributing  mains  are  of  cast  iron,  service  pipes  are  of 
galvanized  iron. 
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WI9TON. 

Chemical  Examination  of  WaUr  Jrom  Ihe  Well  of  the  Weaton  Aqueduct  Company. 

[PUU  pu  100,1100.] 
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WHITMAN. 

Water  Supply  op  Whitman. 

Chemieai  EsamintUion  of  Water  from  the  FiUer-gallcry  of  tht  Whitman  Wattr 
Work*. 
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[piru  p»r  100,000.] 


1 

A,>-^..,<». 

"eJ-" 

sr 

A...... 

1 

»,„«,„ 

: 

1 

1 

, 

1 

1 
1-^ 

i 

j 

1 

1 

1 

s 

E 

A 

; 

UIM 

Mu.  t 

1)1*11  DM, 

Com., 
nnhj. 

.eo 

1.40 

I.«0 

J.„. 

,««..., 

.OIJO 

.0001 

I.B 

its;* 

BopLS 

.,».-■'■ 

.u 

'- 

2.30 

■•»» 

■"™|- 

.......J 

.0000 

■•>" 

.M 

3.1 

Odor,  Unll;  TegeUble. Tbt  lunplM  wan  oollteWd  (ram  tb«  pood. 


Microscopical  Examination. 


D  Dims  (unplM  w*i  u  foUovi:  No. 


364  STATE  BOARD   OF  HEALTH.         [Pub.  Doc. 

WILLIAMSBtmO. 

WlLLIAUSBURO. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Williams- 
burg, relative  to  taking  a  public  water  supply  from  the  east  branch  of 
Milt  River  in  that  town,  may  be  found  on  pages  46  to  48  of  this 
volume.  Analyses  of  samples  of  water  collected  from  the  tributaries 
of  Mill  Brook  are  given  below. 

Chemical  Examiruition  of  Water  front  the  Tributariet  of  Mill  River  in  WUliamtburg. 
[P«ni  pu  lOO.oea.] 
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Mieroieopical  Examinalion. 

Tbalolal  nambaror  Brgaalima  pat  cuMscanllmftar  fonnd  In  lub  of  IbneaimplFI  www  follow) : 
No.  IMMl,  S;  No.lTm.Ui  No.  lira,  M;  No.  1«0U,  t;  No.  17121,  4^  No.  lltia,  T;  No.  l«oeS,). 


WaTEB    SdPPLT    op    WiLLrASIBTOWN. WiLLIAMSTOWM    WaTER 

Company. 
Water  from  the  Flora  Glen  Reservoir  was  used  for  the  first  time 
in  the  summer  of  1896,  but,  owing  to  complnintB  in  regard  to  the 
quality  of  the  water,  its  use  was  discontinued  in  August.  The 
advice  of  the  State  Board  of  Health  to  the  Williamstown  Water 
Company  with  reference  to  possible  pollution  of  the  water  of  Flora 
Glea  Reservoir  from  a  house  upon  its  watershed  may  be  found  on 
pages  76  and  77  of  this  volume. 
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WILLIAMSTOWW. 

Chemical  Examination  of  Water  from  Cold  Spring  Seservoir,  Wiltiamslown. 
[Pant  per  loo.ooa.] 
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WILLIAMSTOWW. 

Chetnieat  Examination  of  Walerfrom  Flora  GUn  Reservoir,  WiUiamttown. 

[P.rUp.r  100,1)00.] 


'S 

1 

*,«.«,™. 

^^^ 

A..cn^. 

, 

»s- 

1 

I 
1 

f 

j 

1 

1 

ii 

j 

1 

1 

1 

1 

1 

^i 

1 

U14S 

FeD.il 

Nou. 

V..llghl. 

.M 

iM 

o.» 

.0OM.WK 

.ooaiLooM 

.as 

.0109  .DO»i  .63 

1.8 

ISSDl 

Apr.M 

.ton*. 

Slight. 

.01 

a.w 

O.U   '.DDOI'.OOM 

.»O30|.0O!4.;.«    ■.M7;*.M0O.!.M 

».8 

IJJW 

Jxoela 

DIallnit, 

BJItbt. 

.m 

.10 

8.*> 

0.U  „.oaa»'.oou 
o-U   .Offii.oiza 

z 

.MIoi.Ml.ffloao'.oooil^.ll 

.0034  .m  1  .Da»'.oaoii|'.ia 

4« 

iVr 

Om.ti 

3-- 

-'■^ 

.« 

».10 

B-M   .wno.oMt 

,»,;.» |:.J.~,|.™ 

M 

18181 

D«.« 

V.allfb  I.Lai 

\M 

-  """^ 

" 

-  :.«  '.•»l.«»i;.u 

S.8 

0) 

. 

,w.  ,.„.'..-      ,^,n' .w...:'  » 

' 

1 

'                          ■        :                                     !■ 

Mierotcopieai  Examinalion. 

An  IfialgDlDeiDt  nniDlMr  of  OTfuImia  «u  found  In  (hrM  HinplM. 


Cftemteol  Examination  of  WaUr  from  Paul  Brook  He»ervoir,  WilHamflown. 
[puuptr  100,000.] 
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TTINCHENDOif. 

Watee  Supplt  op  Winchendon. 
Population  in  1895,  4,490.  The  works  are  owned  by'  tbe  town, 
and  water  was  introduced  in  December,  1806.  The  source  of  sup- 
ply is  a  covered  masonry  well  2S\  feet  in  diameter  and  25  feet  deep, 
located  in  Prentiss  Meadow,  in  the  valley  of  Miller's  River,  aliout 
IJ  miles  south-east  of  the  village.  The  supply  obtained  from  tbe 
well  is  supplemented  by  a  line  of  12-)ncb  tiled  pipe,  which  has  been 
laid  with  open  joints,  extending  from  the  well  a  distance  of  about  375 
feet,  with  short  branches  at  frequent  intervals,  the  total  length  of 
pipe  being  aboat  1,065  feet.  This  pipe  has  been  laid  about  5  feet 
beneath  the  surface  of  the  ground.  Water  is  pumped  from  the  well 
to  the  town  and  to  a  covered  masonry  reservoir  13,000  feet  distant 
from  the  pumping  station.  The  distributing  reservoir  is  circular  in 
form,  having  a  diameter  of  70  feet  and  a  depth  of  19  feet.  Service 
pipes  are  of  wrought  iron  coated  with  tar. 

Water  Supply  of  Winchesteb. 

<3iemical  Examination  of  Water  from  ihe  NorlhSeservotr  of  the  Winchester  Water 

Works. 

[PirUp*r  IDO.OOO,] 
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■WINCHESTER. 

MicroKopical  Examination  of  Water  from  the  North  Reservoir  oj  Iff.  WiwAeHer 
Waier  Wurkt. 
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No.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  3C9 

WINCDESTEB. 

Chemteat  Examination  of  Water  from  (Ae  South  Seserooir  of  the  Winchester  Water 
Works. 

[P»rnparl«).00O.] 
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^^icroscopical  Examinalion  of  Water  from  ItU  Soulh  Btservoir  of  the  Winchester 
Water  Worfci. 
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Chemical  Examination  of  Water  from  the  Middle  Raervoir  of  the  Wiiteheiter 
Water  Workt. 
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winthrop. 

Water  Sopplt  of  Wintmbop. 
(See  Severe.) 

Water  Sopplt  op  Wobubn. 
The  advice  of  the  State  Board  of  Health  to  the  water  commis- 
sioDers  of  the  city  of  Woburo,  relative  to  the  quality  of  the  water 
supplied  to  the  city,  may  be  found  on  pages  48  and  49  of  this 
volume. 
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worcester. 

Water  Supply  op  Worcester. 

Leicesteb  Scpply.  —  Chemicai  Ezaminalion  of  Water  from  Lynde  Brook  Storage 
Beaervoir. 
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WOBCBSTER. 

Leicesteb  Scpplt.  —  Mienaeopiait  Examination  of  Water  fnm  Lynde  Bnot 
Storage  Baerpoir. 
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WORCESTER. 

Leicester  Scpi-lv. —  Chetnieal  Examination  of  Water  from  Kent  Beservoir  on 
KetUe  Brook  in  Leieeiter. 
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Water  Scpflt  op  Wrektham. 
The  advice  of  the  State  Board  of  Health  to  Lincoln,  Bncon  &  Co. 
with  reference  to  the  protection  of  the  purity  of  Bacon's  Pond  in  the 
village  of  Plainville  in  that  town,  from  which  water  18  drawn  for  the 
enpply  of  several  families  in  the  village,  may  be  found  on  page  77 
of  this  volume.  Samples  of  water  collected  from  the  pond  and  from 
a  spriag  from  which  a  portion  of  the  water  supply  is  taken  are  giveo 
in  the  following  tables ;  — 


Chemical  Examination  of  Water  from  Spring  in  Wrentham. 
[Pan*  p«r  loo.ooa.] 


Tlllafs  !•  dnwB. 


lo. Tba  MiBiilimi  collMUd  bom  >  tpilDS  troawblch  >  put  of  Um  mpply  for  Uw 


Microscopical  Examination. 
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Chemical  Escaminalion  of  Water  from  Baeotia  Pond,  WretUham. 
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EXAMINATION  OF  RIVERS. 


[887] 


EXAMINATION  OF  RIVEES. 


During  tho  year  1896  regular  monthly  examinations  were  made 
of  the  waters  of  the  Blackstone,  Hoosac,  Housatonic,  Merrimack, 
Nashua,  Neponset,  Saugus  and  Ware  rivers,  and  occasional  ex- 
amination of  other  rivers  in  the  State.  Nearly  all  of  the  results 
of  these  examinations  will  be  found  arranged  alphabetically  by 
rivers  in  the  pages  which  follow,  but  some  of  them  are  given  on 
preceding  pages,  in  connection  with  the  examinations  of  water  sup- 
plies, under  the  names  of  the  towns  where  the  samples  were  col- 
lected, as  follows :  — 

Pa  OB 

Merrimack  at  Lawrence, 190 

M«Triraack  at  l^owell, 204 

Neponset  at  Hyde  Park, 182 

Saugiis  at  Saiigu3, 216 

Blackstone  River. 

The  regular  monthly  examinations  of  the  waters  of  the  Blackstone 
River  have  been  continued  as  in  previous  years,  and  the  results  are 
given  in  the  tables  which  follow. 

During  the  year  ending  Nov.  30,  1896,  an  average  of  16,000,000 
gallons  per  day  of  mingled  sewage  and  brook  water  taken  from  the 
Mill  Brook  Channel  were  treated  at  the  Worcester  Precipitation 
Works,  and  about  3,500  tons  of  quicklime  were  used,  making  the 
amount  of  lime  used  per  million  gallons  of  sewage  treated,  1,212 
pounds.  The  effluent  from  the  precipitation  works  and  excess  of 
rtow  of  Mill  Brook  over  the  amount  treated  was  discharged  into  the 
Blackstone  River. 

The  first  of  the  following  tables  is  taken  from  the  report  of  the 
superintendent  of  sewers  of  the  city  of  Worcester  for  the  year  end- 
ing Nov.  30,  1896,  and  contains  the  monthly  averages  of  analyses  of 
samples  of  sewage  and  effluent  collected  at  the  Worcester  Precipi- 
tation Works,  and  the  percentage  of  matters  removed  from  the 
sewage  by  treatment  at  these  works. 
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Abstract  of  Analyses  of  Sexcage  and  EffiuetU. 

[Taken  from  Ibe  «DnD»l  report  of  the  eupctinWTKlenturfOH-craot  tbe  dty  of  Worcegta  for  th* 

7eu  ending  Nor  30,18*!.] 
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BLACKSTONE  RIVER. 

WoacESTER  Sewage  Purification  Works— Conclttded. 

[ParU  per  100,000.] 


Ammonia. 

OXTGBV 
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ALBUMISIOID. 

DATE  OF  COLLECTION. 
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Nora.  —  Monthly  averages  are  made  from  daily  analyses  of  sewage  and  effluent.  The  daily  sewage 
samples  consist  of  forty-eight  portions  taken  half  hourly.  Sewage  samples  are  taken  as  nearly  as  pos- 
sible  in  proportion  to  the  amount  of  sewage  being  received  at  the  time  of  sampling.  Effluent  samples 
consist  of  twenty.four  portions  taken  hourly. 
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BLACKSTONK  ttlTER. 

AvF.RAGES  OF  Chemical  Analyses  of  Water  fkou  the  Blackstone  River 
FOR  TOE  Years  WSS  to  1896,  inclusive. 

Blackstone  AA)er  bUvjeen  Mill  Brook  Channel  and  the  Sewage  Preeipilation  Works. 
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BLACKSTONE  ni\'En. 

AvERAGF.a  ofCuemicai.  Analyses  of  Watbr  fhoh  the  Blackstone  Biver 
*OK  Six  Months,  frou  June  to  November,  inclusive,  ov  Each  Year 
FROM  1887  TO  1896,  inclusive. 

Blackatone  River  between  Still  Brook  Channel  and  the  Sewage  Precipiialion  Works. 
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BLACKSTONB  RIVEB. 

Chemical  Examination  of  Water  from  Blacislone  Biver  between 

[PitU  per  lOO.OOD.] 
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BIiACKSTONB  BIVER. 

Mill  Brook  Channel  and  the  Worcester  Sewage  Precipitation  Works. 

[PsrU  per  lOO.OOO.J 
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Biver  below  the  Worcester  Sewage  PrecipUcUion  Works. 
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bary  and  below  the  point  where  the  effluent  from  the  Woreeeter  Sewage  Precipitation  Works  enters 
Wednesday.    The  samples  were  collected  at  yarioas  hours  between  8.80  AJi.  and  1.40  p.m. 
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BI^CK3-rONE  RIVEB. 

Chemical  Examinalion  of  Water  fivm  Blaekatone  River  at  Uxbridge. 
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Chemical  Examinalion  of  Water  from  Blackilone  River  at  Milh-UU,  Blaekatone. 
[P«iu  par  100,000.] 
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CHABLES  HIVElt. 


Charles  River. 
Chemical  Examination  of  Water  from  the  Charles  River  at  Medway. 

[PaHa  per  100.000.) 
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HOOSAO    RlVBB. 
Chemical  Examination  of  Water  from  the  Hoosac  Siver  at  Williamttown. 

[Pirn  p«r  100,000.] 
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HOnSATONIC  BIVSB. 

HODSATOMC   RtVER. 
CAemiaU  Examinaiiott  of  Water  fivmlhe  Housalonic  Siver  at  tfew  Lenox. 

[PsTU|wrllN,0>»0 
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Merrimack  River, 
The  asual  monthly  examioationB  of  the  water  of  this  river  opposite 
the  intakes  of  the  Lowell  and  the  Lawrence  Water  Works  have  been 
continued  during  1896,  the  detailed  results  of  which  may  be  found 
on  pages  204  and  190  of  this  volume.  A  comparison  of  the  analyses 
made  at  these  two  places  during  the  year  is  given  in  the  followiDg 
toble :  — 
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MERRIMACK  RIVER. 

Table  comparing  the  Analyses  above  Lowell  with  t&ote  above  Lawrence,  1896. 

[PsrW  per  100,000.] 
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Id  order  to  compare  these  results  with  similar  ones  obtaiDed  in 
previous  years,  another  table  is  preseoted,  which  shows  the  io- 
crease  in  impurities  as  the  water  passes  from  a  point  above  Lowell 
to  Lawrence,  as  given  ic  the  last  line  of  the  above  table,  and  the 
corresponding  increase  in  previous  years  :  — 

Increase  in  the  Amount  o/ImpurUiea  in  the  Merrimack  River. Waler,  from  a  Point 
lOove  Lowell  to  Lawrence,  as  deiermined  by  the  Regular  Monthly  Examina- 
tion* of  Different  Tears. 
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nashua  biveo. 

Nasiida  River. 

Chemical  Examination  of  Waler  from  the  North  Branch  of  the  Nashua  River, 
below  Filcliburg. 

[P«rU  p«r  IM.OOO.] 
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NASHUA  BITER. 

(^temicat  ExamimUion  of  Water  fivm  the  North  Branch  of  the  Nathua  Biver,  Jtal 

above  its  Confluence  vn/h  the  South  Branch  at  Laneatter. 

[Fam  pm-  lOO/XO.] 
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NASmTA  RIVER. 

Chemical  Examittation  of  Water  from  the  Quinepoxet  River  in  Eoldtn. 

[rirti  p«r  lOO.OOO.] 
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Chemical  Examination  of  Water  from  the  StiUwaUr  River  in  Sterling. 
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NASHUA  RIVXB. 

Chemical  Examinalionc/WaUr  from  the  Smith  Branch  of  the  Xaskua  Biver  abovt 

Clinton. 

IPnita  per  1lM,(no.] 
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ITASHirA  RITER. 

Chemical  Examination  of  Water  from  lAe  South  BraTtch  of  lAe  Noihua  Siver,  Jttat 

above  ill  cimfiutnce  with  the  North  Branch  at  LaneaaUr. 

[Puu  per  loo.OM.] 
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stont  bbook. 
Stokt  Bbook. 
Chemieal  ExamineUion  of  Water  from  Stony  Brook,  Boitoa. 
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Ware  Riteb. 
Chemical  ExamituUion  of  Water  from  Ware  Biver  at  Gold  Brook  Station,  Barre 

[PstM  par  lOO/MO.] 
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SUMMARY 


OF 


WATER  SUPPLY  STATISTICS; 


ALSO 


RECORDS  OF  RAINFALL  AND  FLOW  OF  STREAMS. 
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SUMMARY  OF  WATER  SUPPLY  STATISTICS. 


DariDg  the  year  1896  a  public  water  supply  was  introduced  for 
the  first  time  into  the  .towns  of  Hatfield,  Rutland,  Walpole,  Weston 
and  Winchendon,  and  a  new  supply  was  introduced  into  the  town  of 
Bradford  to  replace  the  former  supply  which  had  become  objection- 
able, owing  to  the  presence  of  an  excessive  amount  of  iron  in  the 
water.  The  following  table  gives  a  classification  by  population  of 
cities  and  towns  having  and  not  having  public  water  supplies  Deo. 
31,  1896.     The  populations  are  taken  from  the  census  of  1895  :  — 


POPULATIOV 
(1805). 


Number  of 
Places  of  OiTcn 

Popniation 
hftTinff  a  Pnb- 

Ue  Water 
Hupply. 


Under  600, 

600-1,000 

1,000-1,600 

1,500-2,000 

2,000-3,600, 

2,600-3,000, 

8,000-8,600, 

8,500-4,000 

4,000-4,600 

Above  4,500, 

Totals, 


0 
4 

10 
8 
0 
7 

10 
6 
0 

07 


Total 
Popniation  of 

Placet 

In  Preceding 

Column. 


169 


0 
8,801 
11,012 
18,826 
10,900 
19,887 
82,516 
18,219 
89,006 
2,089,816 


2,248.451 


Number  of 

Placet  of  Given 

Population 

not  havlnff  a 

Public 
Water  Supply. 


Total 
Population  of 

Placet 

In  Preoedinf 

Column. 


86 

66 

87 

81 

14 

11 

7 

1 

1 

1 


104 


18,287 

42,508 

45,381 

68,661 

81,074 

29,624 

22,699 

8,560 

4,066 

6,089 


251,782 


From  the  totals  given  in  the  preceding  table  it  will  be  seen  that 
of  the  353  cities  and  towns  in  the  State,  159,  or  45  per  cent.,  have 
a  public  water  supply,  and  the  total  population  of  the  places  sup- 
plied represents  89.93  per  cent,  of  the  total  population  of  the  State. 
The  number  of  people  to  whom  a  public  water  supply  is  available  is 
somewhat  less  than  the  total  population  of  the  municipalities  sup- 
plied, but  the  difference  is  not  large.     There  are  now  10  towns 
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baviDg,  by  the  census  of  1895,  populations  exceeding  3,000  whicb 
are  not  provided  with  a  public  water  supply.  These  are  given  in 
the  following  table  :  — 


TOWKS. 

Popniatlon  In 
180S. 

Towns. 

Popniatlon  in 

Blackttone,        ..... 

BarnaUble, 

North  Aodover,         •       •       .       . 

SottOD, 

Tewktbary, 

0.030 
4,065 
8,500 
8,420 
8,370 

Pepperell, 

Dudley, 

1 

Chelmiford 

Dartmoath, 

Deerfleld,  ...... 

8,821 
8,203 
8,182 
8,107 
8,007 

In  the  following  table  the  various  water  supplies  are  classified 
according  to  the  dates  when  a  fairly  complete  system  was  first 
introduced  into  a  city  or  town :  — 


YBAsa. 


Prevtout  to  1850, 
1850-1860,  iDcloaWe, 
1800-1800,  inelaiivo, 
1870-1870,  loclative, 
1880-1888,  inelutlTe, 

1800,  .       .       . 

1801,  .        .       . 


Number  of 

Places 

sopplied. 


0 

4 

10 

44 

08 

6 

5 


Ykaes. 


Number  of 

Plac«« 

■opplied. 


1808,    . 

1803,  . 

1804,  . 

1805,  . 
1800,    . 

Total, 


1 
8 
8 
6 
5 


150 


There  has  been  no  change  in  the  ownership  of  any  of  the  works 
during  the  past  year.  All  of  the  32  cities  in  the  State  having  an 
aggregate  population  of  1,635,767  own  their  water  works.  Of  the 
127  towns  having  a  public  water  supply,  81,  with  a  total  population 
of  398,395,  own  their  works,  while  47,  having  a  total  population  of 
214,289,  are  supplied  by  private  companies.  The  total  population 
in  both  cities  and  towns  owning  works  is  2,034,162,  against  214,289 
in  those  supplied  by  private  companies.  The  following  table  gives 
statistics  with  regard  to  the  consumption  of  water  in  cities  and  towns 
of  this  State,  where  such  records  are  kept.  The  consumption  per 
inhabitant  has  been  obtained  by  dividing  the  average  daily  consump- 
tion by  the  total  population  of  the  city  in  1896,  and,  consequently, 
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is  somewhat  less  than  the  amount  used  per  consumer,  because  there 
are  in  all  cities  and  towns  some  who  do  not  use  the  public  water 
supply.  This  difference  is  most  marked  in  towns  containing  villages 
to  which  the  public  water  supply  has  not  been  extended,  and  in  towns 
where  the  works  have  been  in  operation  but  a  short  time  and  where 
water  has  not  come  into  general  use.  In  some  towns  the  population 
during  the  summer  months  is  much  greater  than  is  shown  by  census 
returns,  and  in  such  cases  the  consumption  per  inhabitant  as  given 
in  the  table  is  somewhat  higher  than  it  would  be  if  allowance  was 
made  for  the  increased  population  in  summer. 

Slaiislics  relating  to  the  Consumption  of  Water  in  Varioi^  Cities  and  Towns. 


CiTT  OB  TOW«. 

Fopala- 
tlon. 

Average 
Dally 

Consump- 
tion. 

Daily 
Consump- 
tion par 
Inhabl- 
Unt. 

CiTT  OB  TOWV. 

Popnla- 
tion. 

Averasre 

Dally 

Consump* 

tion. 

Dally 
Con^ump- 
tton  per 
Inhabi- 
tant. 

1S96. 

Oallona. 

.  Oallona. 

i8»e. 

Gallons. 

Oallona. 

1806. 

1896. 

1806. 

1806. 

AblofrtOD  and  Rock- 

9,781 

371.000 

88 

Gardner, . 

9,884 

617,000 

55 

land. 

Attleborongb, 

8,430 

316,000 

88 

Glonceater,     . 

28,923 

775,000 

27 

Atoo,      • 

1,674 

49,000 

29 

Grafton,  . 

6,121 

80,000 

16 

Ayer, 

2,002 

69,000 

88 

Holliaton, 

2,738 

64,000 

20 

BeT«rly,  . 

12,003 

874,000 

78 

Hopkinton,     . 

2,763 

83,000 

12 

Boaton  (Cochltaate 

481,700   56,302,000 

117 

Hyda  Park,     . 

12,158 

636,000 

52 

Worka). 

Boaton,  Somerville, 

135,400   11,052,000 

88 

Ipawleh,  . 

4,776 

74,000 

16 

Cbela«>a,    Everett 

(M vatic  Worka). 
Bradford, 

Lawrence, 

53,666 

8,014,000 

66 

4,030 

356,000 

72 

Lexington, 

8,558 

140,000 

30 

Braintree, 

6,404 

367,000 

68 

Longmeadow, 

622 

86,000 

58 

Bridgewater     and 

7,664 

168.000 

22 

E.  Bridge  water. 

i 

Lowell,    . 

85,701 

6,983,000 

81 

Brockton, 

34,330  1  1,087,000 

32 

■ 

Lynn  and  Saugua,  . 

68,341 

4,539,000 

67 

Brookline, 

16,076     1,348,000 

79 

,  Maiden,   . 

81,048 

1,514,000 

49 

Cambridge,     . 

83,966  ,  6,638,000 

79 

i 

I 

Mancheater,    . 

1,893 

153,000 

81 

Canton,   . 

4,656 

175,000 

88 

Manafleld, 

8,780 

127.000 

84 

Cohaaaet, 

2,479 

79,000 

82 

Marblehead,    . 

7,565 

276.000 

36 

Cottage  City,  . 

1,030 

71.900 

70 

Marlborough, . 

15,211 

548,000 

86 

Danvera, . 

8,326  :      509.000 

72 

Maynard,        • 

8,168 

72,000 

28 

Dedbam, . 

7,220 

500,000 

69 

Melroae,  . 

12,654 

777,700 

61 

Eaaton,    . 

4,444 

83,000 

19 

Metbaen, 

5,865 

170,000 

29 

Flairhaven, 

3,422 

110,000 

32 

Middleborough, 

6,814 

211,000 

81 

Fall  River,      . 

92,164 

3,547,000 

38 

Milford,  .       .       . 

8,995 

640,000 

71 

Foxboroagh,  . 

3,276        158,000 

48 

Milton,     . 

5,766 

149,000 

26 

Framlngbam, . 

9,567 

376,000 

89 

Montague, 

6,010 

382,000 

64 

Franklin, 

5,197 

214,000 

41 

Nantucket, 

2,966 

84,000 

28 
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Statistics  relating  to  the  Consumption  of  Water  in  Various  Cities  und  Towns — 

Concluded. 


CiTT  o>  Tomi. 


PopolA- 

tioo. 


DaU7 

Conramp- 

tlon. 

OaUont. 


Contnmp' 

Uon  p«r 

Inhmbl- 

Uuit. 

0«Uont. 

19—* 


Katick,    . 

Ke«dbam, 

New  Bedford, 

Kewbaryport, 

KewtOD,  .       . 

No.  AtUeboroagh, 

North  Brookflold, 

Norwood, 

Oraofe,    . 

Poabody, 

ProTlncetown, 

Qoiney,   . 

Randolph  and  Hoi 

brook. 
Boadiog, . 

Ravere    and    WId 

throp. 
Bockport, 

Balem, 


8,768 

408,000 

8,600 

146,000 

68,166 

6,260,000 

.       14,078 

618,000 

.       88.2S2 

1,812,000 

0,646 

186,000 

4,788 

182,000 

4,742 

308,600 

6,610 

160,000 

.     io,6n 

027.000 

4,ft88 

01,000 

.       21,610 

1,084,000 

6,006 

287,000 

4,848 

100,000 

.       12,260 

086,000 

6,620 

172,000 

82,207 

2,207,000 

47 
40 
01 
42 
64 
88 
88 
66 
27 
88 
90 
48 
40 
41 
76 
81 
66 


CRT  Ol  Tows. 


PopiUa> 

non. 


ATeraga 

Dallj 

Contnmp- 

Uon. 

Oalloni. 


Dany 

Coocnmp- 

tkmpar 

InhaU- 

uat. 

OaUooa. 


Bharoo,   • 
Btoaghton, 


Swampaeott    and 

Nahani. 
Taunton, . 


Tlaboiy, . 


Wakefield    and 

Stoneham. 
Walpole, . 


Waliham, 
Ware,      . 


Wareham,  Onset 

Bay. 
Watertown  and 

Belmont. 
Webater, 


Wellealey, 
Weston,  . 
Whitman, 
Wobnm, . 
Woroester, 


1,784 

42,000 

6,866 

247,000 

4,133 

414,000 

27,448 

1.170,000 

006 

24,000 

14,878 

688,000 

8,072 

60,000 

21,810 

1,522,000 

7,716 

282,000 

8,350 

12,000 

10,023 

682,000 

7,063 

233,000 

4,365 

103,000 

1,710 

84,000 

6,006 

231,000 

14,314 

1,026,000 

101,580 

« 

6.126,000 

S4 
46 
100 
4S 
84 
46 
10 
78 
SO 
86 


44 

14 

ao 

78 
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The  niDfall  for  the  yetr  1896  ns  3.9  indies  less  dum  the  Dormal, 
as  ebown  bj*  an  avenge  of  tbe  recorded  nilifiill  at  sereral  stations  in 
▼arioos  parts  of  the  State  oorering  periods  of  many  year?.  Tliene 
was  an  excess  of  rainfall  only  in  the  months  of  Febraary ,  March  and 
September,  the  greatest  excess  being  in  September.  Tbe  de6ciency 
in  rain&ll  was  distribated  tbroogfaoat  tbe  remaining  months,  the 
greatest  deficiency  occurring  in  January ,  April,  May,  August, 
NoTember  and  December.  Tbe  distribution  of  rain&ll  was  such  as 
to  cause  a  low  flow  in  the  streams  in  August,  but  the  laige  rainfall 
in  September  caused  the  flow  in  the  streams  during  the  months  of 
September  and  October  to  be  above  the  normal.  In  the  following 
table  is  given  the  normal  rainfall  in  each  month  in  1896,  and  the  de- 
partures from  the  normal  :* — 


Jmovarj, 
February, 


Aprtl, 
Jane, 


I 


l&cbes. 


8.M 

1.9T 

8.87 

4.8ft 

4.00 

ft.OO 

. .    t.n 

1.41 

8.06 

S.64 

.'      8.26 

2.96 

.  .      8.87 

1 

8.81 

—0.06    || 


Kfirawil      Italnftin,  i  Bxcmhot 


To  enable  the  conditions  preceding  the  collection  of  samples  of 
water  in  any  portion  of  the  State  to  be  understood,  the  following 
tables  arc  presented,  which  give  the  daily  rainfall  in  inches  at  nine 
stations  scattered  throughout  the  State  :  — 


*  This  and  sabseqaent  tables  of  rainftdl  have  been  prepared  from  the  records  of  the  New 
England  Weather  Serrlce. 
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Daihj  Rainfall  in  Inches  tU  Xine  Places  in  AfiusachmcUs,  Qcographieally  sclceUd. 


rr. 

ISO". 

Fct 

n» 

■T. 

IM 

«. 

MOITB. 

i 

1 

1 

s 

I 

i 

1 

I 

1 

i 
1 

1 

BoiTn, 

i.i 

1 

1 

8 

11 

1 

1 

1,     .          . 
■.      ■           ■ 
t,     .           . 

*.     ■          ■ 
*.      ■           ■ 
•,     .          . 
t.     .          . 

a.  ■     . 

9,   .      . 

M,    .        . 

11,  .        . 

12.  .       . 

as,  .     . 

It.  .     . 
It,  .     . 
n,  .     . 
l^  .     . 
M,   .      . 
m.  .      . 
ai.  .     . 

M.     .         ■ 
M.    .        . 
SI,     .        . 
St,    .        . 



SI.    .        . 

».  .     . 

s»,   .      . 
so,   .      . 

M.    .        . 

- 

D.U 

0.11 

- 

- 

I.M 

>.n 

- 

>.oa 

9.VI 

o.w 

- 

• 
l.U 

l>.ll 

).0I 

I.H 

l.H 
9.01 

l.» 

O.SI 

t.M 
1.01 

9.11 
I.N 
D.Ot 

B.11 

]..        . 

S,  .       . 
1.  ■        ■ 
4,.        . 
».  .        . 

t.  .        . 
I,.       - 
S,  .       . 
»,  .        . 

10,.        . 

u,.     . 
11, .     . 
1*,.    . 
11..     . 

10..       . 

18,.        . 
IB,.        . 
M,  .        . 

n. .     . 
», .     . 
»,.     . 
u,.      . 

», .    . 

S4  .       . 

n, .     . 
S8,  .      . 
», .     . 

TniLi, 

4.10 

».M 
0.111 

l.U 

0.T3 

a. OB 

- 
- 

_ 

I.OI 

l.U 

- 

O.M 

i.oo 

>.4I 

:: 

l-H 

- 

- 
_ 

1.0» 

l).M 
D.» 

..It 

D.<l 

l.U 

>.» 

l.IO 

g.M 

0.T1 

1.M 
D.11 

f 

0.14 
9.U 

D.ia 

l.W 

9.4? 

D.U 
D.30 

0.11 
l.» 

).» 

).« 

9.18 
9.01 

D.ZI 
l.U 

9,01 

9.W 
>.IB 

9.aa 
g.tt 

9.1T 

TOTAU, 

O.f. 

'■"h'v-" 

i.m 

0.. 

1. 71 

).0. 

i.U 

... 

t.« 

l.U 

5.« 

l.H 

S,ftlS.<l7 

l-M 

•  PnelpHatlcD  iQclndwl  Id  tbst  ot  tollowlni  daf. 
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Daiiy  Rainfall  in  Inches  at  Nine  Places  in  itnssachuseUs,  Oeogrt^hicaily  selected 
—  Continued. 


MiarFb.  IH»B. 

Apru,  laaa. 

US'/IB. 

1 

i 

1 

t 
1 

1 
g 

s. 

3 

1 

h 

1 

! 

.S-. 

i 

1 

e 

1 

= 

1 

j 

1 

1 

i 

1 

%     ■          . 
1,     .          . 
«.      .          ■ 

6,    .       . 

..« 

O.M 
D.SU 
O.ll 

_ 

O.U 

l.ll 

6.07 
J.Ol 

l.M 

o.» 

,.,. 

l.« 

0.M 

o.ii 

0.47 

o.os 

o.w 
o.n 

o.n 

l.M 

D.aa 

I.SS 

l.U 
O.Sl 

g.ex 

l.M 

s,.      . 
s.  .      . 
«.  ■      ■ 

6,.        . 

^  .    . 

B.  .     . 

». .     . 

10.  .         . 

11,.    . 

IS,  .       . 
13.  .       . 

1^.     . 

IS,  .      . 

IB..        . 
».  .        . 

■a,.     . 

23..       . 
U,  .       . 
M.  .       . 

aa, .     . 

M,  .       . 
».  .        . 

30.  .       . 

TOTILI. 

0.» 

l.M 

l.» 

o.« 
o.is 

0.11 

a. OS 

5.» 

o.io 
o.i: 

o.u 

0.01 

- 

0.W 

O.M 
D.Ot 

0.01 

- 

v.oa 

_ 

B.OS 
9.30 

D.» 

0.«7 

O.K 
O.tO 

o.sa 

o.» 

o.ao 
o.si 

- 

».     .         . 
•.     .        . 

10,  .        , 
Jl,    .       . 

38.    .        . 
M,    .       . 
IS.     .       . 
38.    .       . 

11.  .       . 
IS.     .         . 
19,     .         . 

SO,   .      . 

2t,    .       . 
«,    .       . 
38.    .       . 
U.    .       . 
».    ■       ■ 
IB.     .         . 
ST.    .       . 

n,  ,     . 

a.  .     . 
w,  .     . 
11.  .     . 

(.so 

l.M 

a.ot 

a.  10 
t.it 

1.00 

I.T7 

).os 
>.ia 

11.01 

Tdt^u. 

1.13 

t.bi 

1.8 

&,tll!l.M|6.*l 

l.M 

B.TO 

.... 

l.« 

1.01 

1.0 

^ 

Mil.  W  l.M 

1.30 

l.S 

*  PreelpllMiOD  Inclndtd  Id  lb*l  at  tallairlni  i*j. 
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in  IncKu  at  Nine  Place*  in  Mam-atAua'-JU,  Gcogrrtphieally  nUelcd 
—  ConlinucO. 


Ji«T.  IBM. 

J.M.  ira«. 

DAT 

Hona. 

1 

i 

1 

i 

1 

1 

s 

1 

1 

KMTt 

1 

i 

S 

1 

1 

1 
I 

1,    .       . 
».    ■       . 

*.    .       • 
*.    .       - 
1,    .       . 
•.    .       . 
T,    .      . 
«.    .      . 
•.    .      . 
It.    .      . 

U.    .       . 
U,    .       . 
M,    .       . 
11,    .       . 

le,  .     . 

IT.    .       . 
11,    .       . 

M.    .       . 
St.    .       . 
91,    .       . 
B.    •       ■ 

ai,  .      . 

St.    .       . 
M,    .       ■ 
M,    .       . 

»,    .       . 

m,  .     . 
n,  .     . 

g.u 

1.U 

I.M 

».Tl 

o.u 

0.18 
I.M 

a.oi 

- 

g.is 

I.M 

>.n 

l.U 

- 

o.u 

- 

i.n 

0.40 

- 

- 
o.» 

g.M 

l.U 

1. 11 

9.U 

O.U 

l.I* 

D-M 
D.ll 

EI.U 
l).M 

O.U 

■ 

• 

1.01 

i.ii 

i.v 

«,.          . 
»,.          . 
*,.          ■ 
».  .          . 
•,    .          . 

i, .      . 

>, .  . 
10,  .  . 
11,.  . 
11, .  . 
u, .      . 

1*,.    . 
11,.    . 

M,.       . 

U..       . 
li,  .       . 

»,.       . 
»,  .       . 
K..       . 

n, .     . 

u, .     . 
u, .     . 
»i, .     . 
«. .     . 
w, .     . 

M,  .       . 

10,  .        . 

Totnti, 

l.» 
l.U 

- 

- 

O.M 

o.ot 
o.r 

O.M 

- 

: 

0.31 
O.KI 

1.91 

0.x 

t.ia 

O.OT 
D.Ol 

g.0« 

0.01 

o.» 
o.u 

l-U 

O.M 

• 

o.n 

- 

».1T 

g.M 
g.oi 

g.BT 
g.ii 

g.oe 

'■" 

t.o» 

- 

I.M 

- 

g.n 

J.Ot 

g.M 

o.» 

i.i« 

TWiM, 

i!! 

l.W 

,..j..a 

^ 

^ 

a.w 

l.U 

l.*8 

i.» 

I.H 

I.H 

J_ 

I.U 

t-u 

I.M 

•  PnolpluUoD  iDalDdad  In  thu  at  loUowla  I  dft)>. 
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Bttily  RamJaU  in  Ittehea  <a  Hint  Ftaoea  in  MatsachuseUs,  Oe 
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l.W 
9.01 

'. 
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0.18 
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0.4! 
O.H 
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o.oo 
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O.IB 
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B.W 
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l.M 
D.H 
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O.OS 
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D.OI 
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O.IT 
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». 
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1, 

B, 
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10, 

11, 
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Flow  or  Streams. 

The  records  of  the  flow  of  the  Sudbury  River  for  1896  indicate 
that  the  flow  of  the  streams  of  the  State  was  slightly  less  than  the 
average  for  the  past  twenty-two  years.  In  order  to  show  the  rela- 
tion between  the  flow  of  the  Sudbury  River  during  each  month  of 
1896  and  the  normal  flow  of  the  same  river,  as  deduced  from  obser- 
vations covering  a  period  of  twenty-two  years,  from  1875  to  1896 
inclusive,  the  following  table  has  been  prepared.  The  area  of  the 
watershed  of  the  Sudbury  River  above  the  point  where  its  flow  was 
measured  is  75.2  square  miles. 


TcU>le  showing  Average  Monthly  Flow  of  Sudbury  River  for  the  Tear  1896,  in 
Cubic  Feet  per  Second  per  Square  Mile  of  Drainage  Area,  also  Departures 
Jrom  the  Normal  Flow, 


MONTH. 


NosxAL  Flow. 

Cubic  Feet  per 

Second  per 

Square  Mile. 


Actual  Flow- 
in  1S9«. 

Cubic  Feet  per 

Second  per 

Square  lille. 


BXOBSS  OB  Db- 

FiomoT. 

Cabio  Feet  per 

Second  per 

Square  Mile. 


January, . 
^bniary, 
Mareh,     .       . 
AprU,      . 

Maj.        .       • 

June, 

Jalj, 
Aognat,   . 
September,     . 
Oetober,  • 
NoTember, 
Deoember, 
Aybraos, 


l.Stt 
2.914 
4.442 
8.138 
1.721 
0.730 
0.288 
0.426 
0.880 
0.848 
1.480 
1.579 


1.041 


1.070 
4.140 
5.981 
2.812 
0.550 
0.617 
0.147 
0.088 
0.599 
0.915 
1.019 
1.015 


i.5n 


—0.189 
+1.290 
+1.489 
—0.820 
—1.105 
—0.100 
-0.180 
—0.838 
+0.210 
+0.009 
-0.481 
—0.584 


—0.004 


The  next  table  shows  the  weekly  fluctuations  during  1896  in  the 
flow  of  the  two  streams  most  carefully  measured,  namely,  the  Sud- 
bury and  the  Merrimack.  The  flow  of  these  streams,  particularly 
the  Sudbury,  will  serve  to  indicate  the  condition  of  the  other  streams 
in  eastern  Massachusetts. 
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SCDBUBT 

Mbbbimack 

BUDBDBT 

liBBBIMACX 

HIYBB. 

RIVBB. 

RiVBB. 

RiTBB. 

Week  bvdiko  Sunday. 

Cubic  Feet 

Cubic  Feet 

WBBK  BKDZVa  SUHDAT. 

Cubic  Feet 

Cubic  Feet 

1»—. 

per 
Second 

per 
Second 

iMe. 

per 
•Second 

per 
Second 

per  Square 
Mile. 

per  Square 
Mlfe. 

1 

per  Square 
MUe. 

"^M^e"^ 

Jan.    6,      .       .       .       . 

2.712 

2.061 

Jnly  5,    .       .       •       . 

—0.088 

0.800 

w. 

1.204 

1.360 

12.    .       . 

0.168 

0.468 

w. 

1.064 

1.118 

10.    . 

0.487 

0.416 

28. 

1.882 

0.000 

26.    .       , 

0.182 

0.461 

Feb.   2,      . 

2.278 

0.793 

Ang.  2.    . 

0.006 

0.466 

».      . 

6.802 

2.404 

0.    .       . 

0.280 

0.484 

1«. 

3.700 

2.864 

16.    . 

0.000 

0.48S 

28,      . 

1.830 

1.500 

28.    .       . 

0.004 

0.808 

Mar.  1,      , 

4.461 

1.618 

30.    . 

0.026 

0.418 

8.      . 

0.560 

8.471 

Sept.  6,    . 

0.248 

0.880 

15.      . 

3.057 

2.676 

13.    . 

1.000 

0.846 

28.      . 

6.436 

8.177 

20.    . 

0.608 

0.660 

29.      . 

4.742 

4.100 

27,     .        . 

0.387 

0.770 

Apr.  6. 

6.156 

4.666 

Oct.    4,    . 

0.401 

0.608 

12.      . 

2.861 

2.061 

11.    . 

0.680 

0.718 

1»,      . 

1.062 

6.487 

18.    . 

1.237 

1.812 

26,      , 

1.717 

8.881 

26.    .        . 

1.076 

1.518 

May   8,      . 

0.007 

1.867 

Not.  1.    . 

0.066 

1.250 

10,      . 

0.607 

1.277 

8,    .       . 

1.140 

1.862 

17,      . 

0.300 

0.012 

16.    .       . 

1.060 

1.606 

24.      . 

0.488 

0.677 

22.    .        . 

0.647 

1.016 

81.      . 

0.556 

0.730 

20,    .        . 

1.074 

1.161 

Jane  7. 

0.476 

0.886 

x)ec.  0.    * 

1.108 

1.268 

14. 

0.776 

0.017 

13,    . 

1.568 

1.860 

81.      . 

1.383 

0.743 

80.    .        . 

0.008 

0.887 

28.      . 

0.277 

0.634 

27.    .        . 

0.768 

0.648 

In  the  report  for  the  year  1895  the  weekly  flow  of  the  Sudbury 
River  was  incorrectly  given.  The  following  table  gives  the  corrected 
figures  for  that  year :  — 


Week  bhdibo  Sumdat. 
1895. 


Flow  or 

SUDBDBT  RlYBB. 

Cubic  Feet 

per  Second  per 

Square  Mile. 


WbBK  BimiHO  flUBDAT. 

1895. 


Jan.  6. 
13, 
80. 
27, 

Feb.  3, 
10, 
17. 
24. 

Mar.  3. 
10, 
17, 
24, 

61. 
Apr.   7, 

14. 

21, 

28, 

May    5. 

June  2. 

0. 

16. 

23. 

80, 


0 
2 
1 
1 
1 
1 
0 
0 

1 

2 
5 
3 
4 
2 
4 
6 
2 
1 
1 
1 
0 
0 
0 
0 
— 0 
0 


.586 
.000 
.069 
.658 
.385 
.000 
.801 
.729 
.091 
.458 
.818 
.146 
.072 
.863 
.144 
.878 
.380 
.632 
.030 
.280 
.705 
.673 
.490 
.407 
.447 
.527 


Flow  of 

SUDBUBT  RiVBB. 

Cubic  Feet 

per  Second  per 

Square  Mile. 


July    7.  . 

14,. 

21,. 

28.. 
Aug.   4,  . 

11.. 

18.. 

25,. 

Sept.  1, . 

8,. 

16.. 

22,. 

20.. 
Oct.     6,  . 

13.. 

20,. 

27.. 
Nov.    3. . 

10.. 

17,. 

24.. 

Dec.    1, . 

8.. 

16,. 
22,. 
29.. 


.807 
.304 
.206 
.161 
.767 
.487 
.101 
.600 
.218 
.068 
.246 
.136 
.051 
.120 
.561 
.223 
.266 
.366 
.704 
.544 
.330 
.554 
.487 
.060 
.117 
.821 
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Id  the  aoDual  report  of  the  State  Board  of  Health  for  the  year 
1890,  pages  338  to  340,  a  table  takeo  from  the  annual  reports  of  the 
Boston  Water  Board  was  printed,  giving  the  records  of  rainfall  upon 
the  Sudbury  watershed,  and  its  total  yield  expressed  in  inches  in 
depth  on  the  watershed  (inches  of  rainfall  collected)  for  the  sixteen 
years  from  1875  to  1890  inclusive.  The  corresponding  records  for 
the  years  1891  to  1895  inclusive  were  given  in  the  annual  report  in 
1895,  page  430.  In  the  following  table  is  given  the  record  for  1896, 
together  with  the  average  of  the  records  for  the  whole  twenty-two 
years :  — 

Rainfall  received  and  collected  on  the  Sudbury  River  Watershed, 


^M.^m. 

ISM. 

1S7S-1SM. 

BatnMl. 

BalnfUl 
ooUeetad. 

Per  Cent 
oolleeted. 

BalnfalL 

RalnflOl 
ooUeeted. 

Per  Cent 

eolleeted. 

Jantwry,   . 

2.800 

1.088 

80.88 

4.287 

2.161 

eo.n 

Vttbruary, . 

T.180 

4.460 

62.20 

4.276 

3.065 

n.To 

Mareh.      . 

6.235 

6.841 

180.68 

4.414 

5.121 

116.01 

Apiil.        . 

1.670 

2.670 

164.27 

8.250 

8.501 

107. 4S 

lUy.  .       .       . 

2.676 

0.641 

24.80 

8.877 

1.064 

68.75 

JaiM, . 

8.220 

0.680 

21.40 

2.001 

0.810 

27.02 

July. .       . 

2.510 

0.170 

6.77 

8.707 

0.827 

8.82 

Aagnit,     . 

2.805 

0.102 

4.26 

4.126 

0.481 

11.00 

September, 

7.720 

0.660 

8.67 

3.242 

0.425 

18.11 

October,    . 

8.705 

1.065 

28.02 

4.521 

0.076 

21.57 

KoT«mb«r, 

8.020 

1.187 

87.65 

4.085 

1.618 

80.61 

Deoemb«r, 

2.125 

1.171 

55.11 

8.005 

1.820 

50.40 

TotalB  aod  i 

iven 

«~i 

48.706 

21.458 

40.00 

45.748 

22.288 

48.72 

The  Sudbury  River  records  are  particularly  valuable  as  a  basis  for 
estimating  the  yield  of  other  watersheds  in  Massachusetts,  both  on 
account  of  the  accuracy  with  which  the  measurements  have  been 
made,  and  the  absence  of  abnormal  conditions  which  would  unfavor- 
ably affect  the  results.  It  is,  therefore,  thought  advisable  to  pub- 
lish in  the  following  table  those  portions  of  the  records  relating  to 
the  yield  of  this  watershed  for  each  of  the  twenty-two  years,  and  in 
doing  so  the  flow  from  the  watershed  is  expressed  in  gallons  per  day 
per  square  mile  instead  of  inches,  and  the  depth  of  rainfall  collected, 
in  order  to  render  the  table  more  convenient  for  use  in  estimating 
the  probable  yield  of  other  watersheds. 
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Titld  of  lAe  Sudbury  Siver  Waiershed  in  Oallotu  per  Day  per  Square  MUe.* 


NOIIU 

1    .«». 

!»«. 

INTT. 

IS7II. 

1H7D. 

...». 

IWI.       IBH. 

S\  ■-. 

in'-    ■       • 

October,      . 

ITovamWr,  . 

103.000 

|i.iBe,ooo 

1,604,000 
3,040,000 
1,19§,000 

is 

040,000 
1,302.000 
1    694,000 

043,000 
1,388,000 
4,436.000 

3,2»s,aoo 

1,130,000 
323.000 
1113.000 
40S000 
194,000 
M4,0O0 

i,a8«,ooa 

4M,0OO 

«8,0O0 

almlooo 

1,301.000 
BB7,WW 

131  [OOO 

8»»|0OO 
1,418.000 
l.SM.OOO 

1.810,000 
2,406,000 
3,»1.000 

iVooo 

1.304,000 

soe,ooo 

138,000 
411,000 

5ifi,ooa 

1,WS,000 
3,177,000 

TO0,DOO 

Uialooo 
1.114,000 

168^000 
306,000 

Jl!ooo 

300,000 
462.000 

1,131,000 
1,187,000 
1.814,000 
1  168.000 
6N:000 
170,000 

nj.ooo 

IIO.OOO 
90,000 
101,000 
3011.000 
114.000 

,!1K 

i;004|oOO 
l.t4fl,000 

i4s|ooo 

IBS',000 
*»000 
116,000 

I,M1,000 

2|b3«1ooo 

807000 
1,203,000 

|s 

20*1000 
310,000 
314,000 

A..tor<iri«l. 

hOlB 

nlli* 

B1J,000  11,135,000   l,«4,000 
614,000     SM,000     U3,IWtl 

1,462,000 
6S2/»0 

B»4,OO0 

Gia.ooo 

14B,«00 

910,000 

330,000 

802,000 

aii,o» 

mditb.                lau.     ISM. 

IS8S. 

IM*. 

...,.  I ,»..  1 ..... ! ..... 

&"■:    : 

Jam,   . 

335,000 

as 

'S;r 

'    300000 
lli,000 

01.000 
130,000 

*)s:ooo 

t,7S6,000 
2,963,000 
1,030,000 
411,000 
234,000 

lis 

1,236,000 
1.364,000 
1:613.000 
1.91S.000 
1.338,000 

'S;S 
SE 

1,179,000 
1,114,000 

1,461,000 
4,800,000 

2:o6»;ooo 

1,941,000 
120,000 
303,000 
115.000 
04,000 

u«[ouo 

i,o»;ooo 

1,680,000   1,068.000  2.192,000 

lSffib:S!;S:S 

3,020,000 '2,646.000   1,410,000 
1,000,000  1,632,000  1    890,000 
414  OOO  ■    t^jm  '    S63  000 
114.000!    in.00O      633,000 
314,000  .    380.000  '1,432,000 
111.000  :i, 166.000      834.000 
1B0.000   1,000,000   1,130.000 
308,000  3.7JS,0O0   1.941,000 
043,000  3,043,000  12,341,000 

3.W3.000 
1,876.000 

'ass 

108,000 
182,000 
468.000 

2.212.000 

'soilooo 

AnntttoTw 
Av.fordrlMlal 

>»» 

&32,000 
140,000 

1,120.000 
300,000 

001,000 
301,000 

1.091,000 

223,000 

1,164,000   1,091.000 
234,000     963.000 

1,383,000 
944.000 

1,285,900 
741,000 

Moma. 

.„.. 

..„. 

1893. 

1N4. 

IMS. 

.». 

Hun  Ibr  19 

oSob.r,      . 
Deeusber,  . 

8.018,900 

3,488:ooo 

sisoilooo 

683:000 

1 49)000 
103,000 
203,000 

aoaiooo 

644,000 

1,810,009 
943.000 

1,966,000 
811,009 

1.2M;000 

aniooo 

290,000 

229,000 

OBl'oOO 
t96;000 

433,000 
1,642,000 
3,345.000 

3,126,'aao 

1,89S,000 

16«Io00 
191,004 

io«;ooo 

521,000 

wlooa 

993.000 

,as 
■as 

160,000 
014.000 
830  000 
719.000 

1,0M,900 
641,090 
3,410,000 
1,516,000 
036,000 
174.000 
281,009 

aslooo 
i,ai».'ooo 

2^777  000 
1,182,000 

1,0M,000 

issslooo 

1:494:000 

390,000 

96,000 

388:000 
601,000 
060,000 
661,000 

1,309.000 
1,880,000 
2.^11,009 
2,038:009 

183)000 
216.000 

i:E 

1.020,909 

Annje  (or  whola  y«»r. 

1,316,000 
330,000 

T8I.009 
327,000 

1,037,000 

710,000 

369,000 

1,152,000 
466,000 

1,019,900 
114,000 

1,900,000 
194,909 

•  Theirnof  ths  Badburr  Klv* 


■Dd  salMKiDcntlj 
mn  Dot  lueLodad 


EXPERIMENTS 


UPON  THE 


Purification  of  Sewage  and  Water 


AT  THB 


LAWRENCE  EXPERIMENT  STATION, 


During  the  Year  1896. 


[426] 


EXPERIMENTS  UPON  THE  PURIFICATION  OF  SEWAGE  AND 
WATER  AT  THE  LAWRENCE  EXPERIMENT  STATION.* 


By  Harry  W.  Clark,  Chemist  in  Charge. 


The  year  1896  is  the  ninth  that  the  investigations  of  the  Lawrence 
Experiment  Station  have  been  continued.  The  work  has  been  carried 
on  under  the  general  supervision  of  Hiram  F.  Mills,  A.M.,  C.E.,  a 
member  of  the  State  Board  of  Health,  with  the  writer  in  direct 
charge.  Mr.  W.  R.  Copeland  is  in  charge  of  the  biological  depart- 
ment and  Mr.  F.  B.  Forbes  is  assistant  chemist.  Mr.  E.  F.  Badger 
and  Mr.  S.  De  M.  Gage  are  assistants  in  the  chemical  and  biological 
departments  respectively.  Dr.  Thomas  M.  Drown  is  consulting 
chemist. 

Sewage  Purification. 

The  investigations  upon  the  subjects  of  sewage  and  water  purifi- 
cation have,  during  1896,  added  much  valuable  data  to  the  store  of 
information  which  the  Board  has  been  accumulating  during  the  past 
nine  years. 

The  principal  sewage  filters  which  were  constructed  at  the  begin- 
ning of  these  investigations  have  been  in  operation  during  the  past 
year.  The  continued  systematic  analyses  of  the  applied  sewage  and 
effluents,  occasional  analyses  of  the  filtering  materials  themselves* 
and  the  various  observations  in  regard  to  their  method  of  operation 
add  continually  to  our  knowledge  of  the  permanency  of  sewage  filters 
of  difierent  materials,  and  of  the  best  means  to  maintain  this  per- 
manency under  difierent  conditions.  A  number  of  new  experiments 
have  been  begun  for  the  purpose  of  gaining  information  upon  sub- 
jects of  increasing  importance  in  sewage  disposal,  including  the 
proper  and  economical  disposition  of  the  waste  liquors  or  sewage 

*  a  fall  accoant  of  the  work  done  at  tbe  Lawrence  Experiment  Station  for  the  years  1888 
and  1889  is  contained  in  a  special  report  of  the  State  Board  of  Health  apon  the  Purification  of 
Sewage  and  Water,  1890.  A  similar  accoant  for  the  years  1890  and  1891  is  contained  in  the 
twenty-third  annual  report  of  the  Board  for  the  year  1S91.  Since  1891  the  results  have  been 
published  yearly  in  the  annual  reports. 
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from  those  manufactaring  industries  in  the  State  which  pollute  or 
threaten  to  pollute  our  rivers  and  ponds. 

In  connection  with  the  study  of  permanency,  investigations  of 
different  methods  of  separating  the  sludge  of  the  sewage  from  the 
main  body  of  the  liquid,  and  thus  disposing  of  the  clogging  matters 
which  tend  to  shorten  the  life  of  sewage  filters,  have  been  continued. 

Methods  for  hastening  and  increasing  the  purifying  action  of  filters 
by  different  means  of  increasing  the  air  supply  are  of  considerable 
scientific  and  practical  interest,  and  experiments  on  these  subjects 
have  been  continued  throughout  the  year. 

In  addition  to  the  chemical  and  mechanical  examinations  of  filter- 
ing materials  in  use  at  the  station,  a  large  number  of  soils  and  sands 
from  the  following  places  have  been  examined  during  the  year,  either 
in  connection  with  applications  made  to  the  Board  for  advice  with 
reference  to  sewerage  systems  and  water  supplies  or  in  connection 
with  the  Neponset  River  investigation :  Norwood,  East  Walpole, 
Canton,  Taunton,  Provincetown,  Danvers  Lunatic  Hospital,  Rutland, 
Stockbridge  and  Leicester. 

Purification  of  Manufacturing  Sewage. 

Various  industries  produce  a  large  volume  of  waste  liquor  or 
sewage.  It  can  be  stated  that  the  volume  of  sewage  turned  out 
daily  by  one  manufacturing  plant  is  often  as  great  as  the  sewage 
of  a  village  of  considerable  population,  and  the  organic  matters 
contained  in  manufacturing  sewage  are  often  much  greater  than  in 
the  same  volume  of  town  sewage. 

These  excessive  amounts  of  organic  matters,  together  with  various 
chemicals  used  in  the  manufacturing  processes  and  also  present  in 
the  sewage,  often  render  the  problem  of  successful  and  economical 
disposal  of  this  sewage  exceedingly  difficult. 

During  the  past  year  the  composition  and  disposal  of  the  sewage 
of  two  tanneries,  engaged  in  different  lines  of  work,  three  paper 
mills  and  two  wool-scouring  establishments  have  been  studied. 

Tannery  No.  1. 

This  tannery  is  engaged  in  preparing  and  tanning  calf  skins.  Of 
these  skins  large  numbers  are  imported,  and,  to  prevent  decompo- 
sition en  route,  come  packed  in  sulpho  naphthol,  a  germicide,  and 
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this  has  been  present  in  the  sewage  throughout  the  period  of  ex- 
amination. 

To  aid  in  the  process  of  freeing  the  skins  of  hair,  a  ton  or  more 
of  sulphide  of  arsenic  is  used  each  month,  mixed  with  lime  to  form 
a  soluble  salt  of  arsenic,  and  as  a  result  of  this  the  sewage  always 
contains  arsenic  in  suspension  and  solution.  Various  other  chemi- 
cals and  dyes  are  used  in  the  tannery  and  are  present  in  the  sewage. 

The  sewage  as  it  flows  from  the  tannery  is  a  heavy,  thick  and 
oflfensive  liquid,  containing  a  very  large  amount  of  organic  matter 
and  generally  colored  by  the  dyestuffs  present  in  it.  A  large  amount 
of  the  organic  matter  present  is  in  suspension,  and  experiments  have 
shown  that  it  will  settle  out  from  the  main  body  of  the  sewage  very 
completely  in  one  hour,  this  rapid  sedimentation  being  aided  by  the 
lime  and  other  chemicals  in  the  sewage. 

There  is  generally  enough  arsenic  in  this  sewage  to  prevent  or 
almost  prevent  the  growth  of  bacteria,  and  hence  if  it  were  applied 
directly  to  filtration  areas  the  bacterial  actions,  which  cause  the  puri- 
fication of  sewage  and  upon  which  the  life  and  value  of  a  sewage 
filter  depend,  could  not  take  place.  A  considerable  proportion  of  the 
arsenic  is  held  by  the  sludge,  or  organic  matter  in  suspension,  and 
is  carried  downward  with  it  when  the  sewage  is  allowed  to  stand  and 
settle.  The  supernatant  sewage,  after  this  sedimentation,  contains, 
however,  generally  enough  arsenic  to  check  bacterial  action,  and  if 
applied  to  filtration  areas  there  would  probably  be  an  accumulation 
of  arsenic  in  the  filter  in  the  course  of  time  in  sufficient  quantity  to 
permanently  check  nitrification. 

The  volume  of  sewage  flowing  from  the  tannery  generally  exceeds 
200,000  gallons  daily,  and  its  character  is  shown  by  the  following 
monthly  averages  of  the  chemical  analyses  of  a  large  number  of 
samples. 

In  regard  to  the  bacteria  in  this  sewage  the  numbers  given  in  this 
table  are  of  those  present  in  the  supernatant  sewage,  samples  for 
planting  being  taken  without  shaking  the  bottle.  The  reason  of 
this  way  of  recording  the  numbers  present  is  that  if  the  bottle  were 
shaken,  and  the  sample  planted  contained  its  proportionate  amount 
of  the  sludge,  this  sludge  generally  contained  enough  arsenic  to 
sterilize  the  plate  and  prevent  bacterial  growth.  This  was  particu- 
larly true  of  the  samples  collected  during  the  last  six  months  of  the 
year. 
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Sewage  of  Tannery  No.  1, 

[Parte  per  100.000.] 


Ammomia. 

1  Okoaxio  Nitbo- 
[  okv  (k  jkldahl). 

1 

Chlorine. 

i 
1 

1 

8 

1 

2 

• 

i 

ALBUMnrOID. 

u 

Datb-1S»«. 

-a 

In  Solution. 

1 

c  * 

Total. 

• 

1 

a 

1 

c 

•  a 

IS 

April,    . 

0.7000 

1.68 

1.24 

0.44 

- 

- 

1 

•    16.80 

20.00 

- 

May.      . 

0.8700 

3.75 

1.41 

2.34 

9.49 

- 

46.76 

42.40 

8,108,000 

Jane,     . 

2.2040 

• 

6.14 

3.03 

3.11 

10.67 

5.36 

76.11 

62.64 

6,167,000 

July,      . 

4.0000 

1 

7.88 

8.69 

3.79 

15.92 

7.56 

00.38 

114.75 

10,460 

Aagnet, 

3.8400 

8.56 

5.89 

3.17 

14.16 

6.78 

74.13 

I 

126.26 

17,633 

September,    . 

1.2133 

0.47 

2.15 

7.82 

22.66 

3.22 

20.16 

99.67 

2,866 

October, 

;  l.SlfiO 

4.66 

2.47 

2.19 

9.68 

4.27 

42.08 

66.60 

2,000 

Kovember,    . 

1.9000 

8.66 

2.88 

5.78 

27.15 

9.62 

63.66 

102.26 

2,000 

Deoember^ 

0.3000 

1.03 

0.62 

0.61 

3.60 

3.15 

7.84 

7.90 

45,000 

Average, 

1.8168 

1 

5.70 

2.62 

3.18 

14.17 

1 

5.71 

46.31 

71.37 

1,668,730 

Removal  of  Arsenic  by  Coke  or  Iron. 

Methods  for  removing  this  arsenic  have  been  studied,  and  we  have 
found  that  by  passing  the  sewage  through  a  filter  or  strainer  of  coke 
breeze  it  is  quite  completely  freed  from  the  arsenic.  This  removal 
is  probably  due  to  a  combination  of  the  arsenic  with  the  iron  in  the 
coke  and  the  formation  of  an  insoluble  double  salt  of  iron  and  arsenic 
which  is  retained  in  the  coke.  The  same  result  is  accomplished  by 
passing  the  sewage  through  iron  filings  or  turnings. 

These  methods  of  removing  arsenic  are  important  and  can  undoubt- 
edly be  applied  in  the  case  of  other  arsenic-bearing  manufacturing 
sewages. 

Average  Amount  of  Arsenic  {AS-j  O3)  in  Entire  and  Supernatant  Sewage 

and  Effluent  of  the  Coke  Strainer, 

[ParU  per  100,000.] 

In  entire  tannery  sewage, 8.6447 

In  supernatant  tannery  sewage, 1.6767 

In  effluent  of  coke  strainer, 0823 

Much  of  the  effluent  of  the  coke  strainer  contained  no  arsenic,  but 
occasionally,  when  an  excessive  amount  was  applied  and  the  strainer 
was  overworked,  some  would  pass  through. 
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Examioation  of  the  coke  proved  that  a  large  percentage  of  the 
arsenic  was  retained  in  the  apper  few  inches  of  the  strainer.  Thus, 
for  example,  a  small  filter  containing  2  feet  in  depth  of  coke  breeze 
was  put  in  operation  October  1  and  flooded  each  day  for  two  weeks 
with  this  sewage.  The  effluent  was  examined  each  day  and  con- 
tained no  arsenic,  and  on  October  15  the  coke  itself  was  examined 
with  the  following  result :  — 

Arsenic  (AS 2  O3). 

[ParU  p«r  100,000.] 

In  upper  4  inches  of  coke, 86.40 

In  middle  4  inches  of  coke, 6.60 

In  lower  4  inches  of  coke, 20 

Filtration  of  the  Sewage  of  Tannery  No.  1. 

Two  sand  filters  and  the  coke  strainer  before  mentioned  have  been 
operated,  receiving  the  supernatant  sewage,  and  are  designated  as 
filters  Nos.  71,  72  and  73. 

Filter  m.  71. 

This  filter  contains  4.5  feet  of  sand  of  an  effective  size  of  0.23 
millimeter  and  has  received  the  supernatant  sewage  at  the  rate  of 
50,000  gallons  per  acre  daily.  It  has  produced  a  satisfactory  effluent 
generally,  but  nitrification  has  been  entirely  destroyed  in  it  at  those 
periods  when  the  applied  sewage  has  contained  rather  more  arsenic 
than  usual,  as  during  September  and  again  during  December,  as 
shown  by  the  table  beyond.  In  warm  summer  weather  nitrification 
is  quickly  re-established  in  a  filter,  but  if  it  ceases  in  winter  it  does 
not  start  again  until  warmer  weather  returns,  thus  causing  poor 
purification  and  excessive  storage  of  organic  matter  in  a  filter  dur- 
ing the  cold  weather. 

Filter  m.  72. 

This  filter  contains  2  feet  in  depth  of  coke  breeze  and  has  received 
the  supernatant  sewage  at  the  rate  of  100,000  gallons  per  acre  daily. 
This  rate  kept  the  surface  of  the  coke  flooded  for  about  two  hours 
daily  and  could  have  been  increased  and  still  resulted  in  the  removal 
of  the  arsenic.  It  has  removed  considerable  organic  matter  and  gen- 
erally all  the  arsenic  from  the  sewage.  The  object  of  this  filter  has 
been  to  free  the  sewage  of  germicides  and  thus  get  it  into  such  a  con- 
dition that  the  organic  matter  can  be  attacked  by  the  bacteria  of 
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decomposition,  putrefaction  and  nitrification.  That  this  resalt  is 
accomplished  is  shown  by  the  tables  beyond,  for  when  the  sewage 
applied  to  this  coke  strainer  or  filter  has  contained  so  mach  arsenic 
that  only  a  few  hundred  bacteria  per  cubic  centimeter  were  found 
growing  in  it,  its  efiiuent  has  contained  several  million  per  cubic 
centimeter. 

FUter  m.  73. 

This  filter,  containing  4.5  feet  of  sand  of  an  effective  size  of  0.23 
millimeter,  has  received  the  efiiuent  of  Filter  No.  72  at  the  rate  of 
100,000  gallons  per  acre  daily,  and  has  maintained  uniformly  good 
nitrification  and  purification. 

The  following  tables  give  the  monthly  averages  of  the  analyses  of 
the  effluents  of  these  three  filters  :  — 


Effluent  of  FiUer  No,  71. 

[ParU  p«r  100,000.  J 


AMMOiriA. 

XlTHOOKir  A8 

a 

p 

li 

• 

.£ 

Date— 18»«. 

1 

i 

• 

1 

• 

1 

i 

5 

|i 

< 

6 

SQ 

95 

o 

A 

May 

0.2600 

.1120 

27.80 

0.9780 

.2800 

3.16 

1,288,000 

Jane, 

0.0743 

.0661 

118.71 

1.0660 

.0094 

4.66 

1,294 

July, . 

0.0676 

.1736 

84.78 

8.6284 

.0112 

6.66 

81,800 

Aogaet,    . 

1.8126 

.2760 

68.08 

2.4666 

.0926 

7.08 

22,600 

September, 

2.3900 

.6660 

00.12 

0.0812 

.0280 

11.04 

2,628,000 

October,    . 

0.8700 

.1300 

22.48 

2.8820 

.0880 

2.40 

168,000 

November, 

0.1638 

.8000 

68.67 

0.8620 

.0920 

6.40 

200,000 

December, 

1.2600 

.2200 

2.84 

0.0320 

.0000 

8.60 

496,000 

Aver»ge, 

1       1 

1       t 

» 

•       « 

> 

• 

0.7886 

.2290 

66.61 

1 

1.4869 

.0626 

6.46 

580,260 

Effluent  of  FiUer  No.  72  (Coke). 

[ParU  per  100,000.] 


Ammovia. 

NiTBOOBir  AS 

• 

1 

u 

• 

• 

D 

«Q 

DATS  — 1S»«. 

• 

1 

D 

• 

« 

1 

J3 

• 

s 
s 

M 
O 

mom 

h 

< 

s 

K 

9^ 

m 

May 

0.4200 

0.1193 

27.08 

.1690 

.0192 

2.83 

602,000 

June, 

0.6003 

0.8980 

48.61 

.3487 

.0200 

7.79 

1,491,000 

Jaly, . 

8.8600 

1.2640 

78.68 

.4200 

.0120 

IT.  88 

S,628,000 

Aogaet,     . 

6.3000 

0.9626 

68.03 

.0610 

.0016 

17.16 

079,000 

September, 

4.8840 

0.6240 

77.10 

.1266 

.0068 

8.64 

2,808,000 

October,    . 

1.8667 

0.8067 

22.73 

.1720 

.0747 

4.60 

2,018,000 

November, 

1.7000 

1.4800 

49.60 

.2360 

.2200 

11.90 

20.170,000 

December, 

0.6200 

0.1900 

4.42 

.0400 

.0180 

8.20 

4,860,000 

Average, 

1             t 

f             < 

1             < 

»             1 

» 

» 

2.4480 

0.6648 

62.02 

.1978 

.0466 

9.1T 

4,487.000 
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Effluent  of  Filler  No.  73. 

[Parte  per  100,000.] 


DATS  — 189C. 


May, .       . 

Jane,        • 
July, 

Aagnst,  . 
September, 
October,  . 
November, 
December, 
Arerage, 


AmroiriA. 


i 


.1526 
.0330 
.0650 
.0725 
.8100 
.0120 
.0127 
.0280 


.1478 


S 

o 
a 

a 

a 


.0729 
.0868 
.1476 
.1175 
.2?44 
.0605 
.0790 
.0820 


.1030 


4 

e 

1 

o 


81.20 
81.66 
01.22 
64.98 
114.42 
25.83 
56.68 
17.58 


54.14 


NlTROOBK  AS 


S 
& 


0.9066 
0.6035 
3.1320 
3.8825 
8.7960 
2.2775 
1.9900 
1.2500 


2.2410 


I 


.2070 
.0023 
.0004 
.0000 
.0180 
.0015 
.0000 
.0000 


.0287 


p 

m 

I 


1.26 
1.07 
4.28 
4.25 
5.20 
1.85 
2.7T 
5.80 


8.30 


is 

*' jS  ♦* 


8.000 

5,700 

845,500 

118,700 

147,006 

48,000 

14,000 

18.000 

87,600 


Bacterial  Analyses  of  the  Sewage  applied  to  and  Effluents  of  Fillers  Nos.  71, 

72  and  73. 

[Bacteria  per  Cabio  Centimeter  In  Sewage  and  Effluente.] 


May,        . 

Jane, 

Jaly, 

Aaguet,    . 

September, 

October,  . 

November, 

December, 


MoxTH  — 1896. 


Sewage  for 

Filter* 

Nob  71  and  7S. 


8,103,000 

5,167.000 

10.460 

17,633 

2,866 

2,000 

2,000 

45,000* 


Effldbnt  of  Filtkm  Nos. 


71. 


7». 


1,288,000 

1,294 

81,300 

82,500 

2,528,000 

163,000 

200,000 

495,000 


662,000 
1,491,000 
2,523,000 
979,000 
2,808,000 
2,018,000 
3^0,170,000 
4,850,000 


73.* 


3,000 

5,700 

345,500 

118,700 

147,900 

48,000 

14,000 

18,000 


*  Filter  No.  73  rsceives  the  effluent  of  Filter  No.  72. 


t  One  analysis  made  in  December. 


Tannery  No.  2. 

Studies  in  regard  to  composition  and  methods  of  disposal  of  the' 
sewage  of  a  tannery  engaged  in  preparing  and  tanning  sheep  skins' 
were  begun  during  the  latter  part  of  1895  and  have  been  continued* 
daring  1896.     The  sewage  of  this  tannery  varies  in  daily  volume 
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from  20,000  to  50,000  gallons,  and  is  a  heavy  liquid  varying  in 
color  from  time  to  time  and  having  an  exceedingly  offensive  odor.  It 
seldom  contains  any  substance  of  a  character  to  check  hactprial  actioo, 
and  the  large  amount  of  organic  matter  present  is  in  an  advanced 
state  of  decompoaition  and  hence  readily  attacked  by  the  Imcteria  in 
n  filter.  The  sludge  is  at  times  great  in  volume  as  compiircd  with 
the  sludge  of  ordinary  town  sewage  and  very  rich  in  fatti  and  nitrog- 
enous matters. 

The  following  table  gives  the  monthly  averages  of  the  chemical 
analyses  of  the  sewage  of  this  tannery:  — 


Btwage  of  Tannery  No.  2. 

[Puup«r  100,000.] 
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A  filter  to  which  this  sewage  has  been  applied  was  in  operation 
from  September,  1695,  until  November,  1896.  The  filter  contained 
26  inches  in  depth  of  sand,  of  an  effective  size  of  0.14  millimeter, 
over  gravel  underdrains,  and  during  the  first  few  weeks  of  its  opera- 
tion nitrification  was  active  and  its  effluent  of  an  entirely  satisfactory 
character.  It  was  being  operated  at  this  time  at  a  rate  of  about 
120,000  gallons  per  acre  daily.     After  a  short  period,  boweveit  it 
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became  badly  clogged,  owing  to  the  large  amount  of  sludge  in  the 
applied  sewage  and  its  accumulation  upon  the  surface  of  the  filter. 

This  sludge  was  of  a  gelatinous  character  when  wet,  and  excluded 
the  necessary  air  from  the  pores  of  the  filter ;  when  dry  it  was,  as 
might  be  expected,  of  a  leathery  nature  and  would  crack  and  sepa- 
rate into  small  pieces,  and  when  removed  would  crumble  into  a 
powdery  mass  and  remain  in  this  condition,  producing  no  offensive 
odor. 

It  is  probable  that,  with  a  continual  removal  of  this  dry  sludge 
from  the  filter's  surface,  good  nitrification  would  have  continued, 
although  the  depth  of  sand  in  the  filter  was  not  sufficient  to  obtain, 
the  best  results.  The  filter  has  been  operated  during  1886  at  an 
approximate  rate  of  25,000  gallons  per  acre  daily^  and  has  removed, 
a  large  percentage  of  the  organic  matter  from  the  sewage,  but  nitri- 
fication has  not  been  active. 

The  following  table  gives  the  monthly  averages  of  the  analyses  of 
the  effluent  of  this  filter :  — 


Effluent  of  Large  Filter. 

[ParU  per  100,000.] 
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« 
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.86 
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0.680 

278.6 

.1678 

8.88 

This  filter  was  discontinued  in  November  and  an  examination  of 
the  sand  at  that  date  showed  the  following  amounts  of  nitrogen 
stored  at  different  depths :  — 
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18  inches  down SL 

Supernatant  Sewage  of  Tannery  JPb.  2. 

A  considerable  percentage  of  the  organic  matter  in  suspension  in 
this  sewage  can  be  removed  by  sedimentation,  this  being  aided  by 
the  lime  aod  other  chemicals  used  in  the  tannery  and  present  in  the 
sewage. 

The  following  table  gives  the  monthly  averages  of  the  chemical 
analyses  of  the  supernatant  sewage :  — 


Supernatant  Sewage  of  Tannery 
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In  January  a  filter  was  started  to  receive  this  supernatant  sewage. 
This  filter  contains  4  feet  in  depth  of  sand  of  an  effective  size  of  0.14 
millimeter,  and  is  located  in  a  building  where  the  temperature  is  only 
slightly  above  the  freezing  point  during  the  winter.  As  a  result  of 
this  low  temperature  nitrification  did  not  begin  to  be  active  until  the 
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approach  of  warm  weather.  Sewage  was  applied  for  four  months 
at  the  rate  of  120,000  gallons  per  acre  daily,  but  this  rate  was  ex- 
cessive for  so  strong  a  sewage  and  was  reduced  to  60,000  and  then 
to  30,000  gallons  per  acre  daily.  Since  the  first  of  May  nitrification 
has  been  exceedingly  active  and  the  effluent  of  the  filter  clear  and 
practically  odorless. 

The  following  table  gives  the  average  analyses  of  the  effluent,  and 
a  study  of  this  table  will  show  that  much  of  the  nitrogen  stored  in 
the  filter  during  the  pre-nitrification  period  has  passed  away  in  the 
effluent  since  the  period  of  active  nitrification  began :  — 


Effluent  of  Filler  receiving  Supernatant  Tannery  Sewage. 

[Parts  per  100,000.] 
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1 
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Filter  No.  75. 

In  order  to  prove  decisively  whether  or  not  the  sludge  of  this 
sewage  really  contained  a  substance  which  was  prejudicial  to  nitrifi- 
cation, or  whether  the  poor  nitrification  in  the  filter  receiving  the 
entire  tannery  sewage  was  due  simply  to  the  amount  of  sludge 
applied  to  it,  a  third  filter  was  started,  to  receive  a  mixture  of  this 
sewage  and  ordinary  city  sewage.     The  filter  contains  4.5  feet  of 
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Band  of  an  effective  size  of  0.23  millimeter  and  has  been  in  opera- 
tion since  June  9. 

It  received  during  its  first  six  weeks  of  operation  equal  quantities 
of  the  two  sewages  at  a  total  rate  of  50,000  gallons  per  acre  daily. 
The  amount  of  sludge  was  so  great,  however,  that  the  surface  of  the 
filter  became  clogged,  and  the  sewage  applied  was  changed  so  that 
it  contained  one  part  of  tannery  sewage  to  two  and  one-half  parts 
of  Lawrence  sewage. 

Following  this  change  nitrification  became,  and  has  continued  to 
be,  active  and  the  effluent  of  the  filter  has  been  clear  and  odorless, 
thus  showing  that  sewage,  such  as  produced  by  this  tannery,  can  be 
mixed  with  ordinary  town  or  city  sewage  and  successfully  purified 
upon  a  common  filtration  area. 

The  following  table  gives  the  monthly  averages  of  the  analyses  of 
the  effluent  of  this  filter :  — 


Effluent  ofFiUer  No.  75. 

[ParU  p«r  100,000.j 
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81,000 
14,200 
81,000 
S,90O 
0.726 
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Conclusions, 

The  results  already  obtained  by  these  investigations  into  the  char- 
acter of  tannery  sewage  and  the  possibility  of  disposing  of  it  and 
destroying  its  offensive  constituents  upon  the  same  general  principles 
by  which  ordinary  town  sewage  is  purified  are  important,  and  fur- 
nish a  basis  for  the  study  of  the  disposal  of  the  sewage  of  tanneries 
producing  waste  liquors  of  a  still  different  nature. 
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It  seems  probable  that  few  tanneries  produce  a  sewage  more  diffi- 
cnlt  to  handle  than  that  of  Tannery  No.  1,  and  in  cases  of  this 
nature,  where  chemicals  inimical  to  bacterial  life  are  in  the  liquors, 
economical  methods  of  removing  them  can  probably  be  found. 


Waste  Liquors  from  Paper  Mills. 

The  studies  in  regard  to  the  character  and  disposal  of  waste  liquors 
from  paper  mills  have  been  continued. 

These  liquors  can  be  divided  into  two  classes,  namely,  those  pro- 
duced in  washing  and  preparing  the  stock  and  those  produced  in 
making  this  stock  into  paper.  Both  liquors  contain  a  large  amount 
of  organic  matter,  but  the  nitrogenous  organic  matter,  principally 
the  dirt  washed  from  the  stock,  is  most  abundant  in  the  first.  The 
organic  matter  in  the  second  liquor  is  largely  of  a  carbonaceous 
nature,  being  the  fine  pulp  which  passes  through  the  paper  machine. 
A  large  amount  of  various  kinds  of  chemicals  is  used  in  cleaning  and 
bleaching  the  stock  and  often  a  large  amount  of  dyestufis  in  working 
the  stock  up  into  colored  paper.  In  many  mills,  also,  a  clear  almost 
colorless  water  is  needed,  and  filters  for  clarifying  the  water  by  means 
of  alum  as  a  coagulant  are  used,  and  when  these  filters  are  cleaned  the 
hydrate  of  alumina  and  dirt  gathered  in  the  filter  are  washed  into  the 
drain  pipes  of  the  mill. 

Thus  the  waste  liquors  contain  both  dirt,  fibre  and  chemicals,  and 
a  paper  mill  of  ordinary  capacity  will  turn  several  tons  of  solid  mat- 
ter into  its  waste  pipes  each  day. 

A  large  percentage  of  this  waste  is  of  such  a  character  that  it  will 
gather  in  masses,  but  a  large  percentage  is  also  in  solution,  and  the 
volume  of  waste  liquor  is  very  great,  that  of  the  mills  from  which 
most  of  our  samples  for  analysis  have  been  taken  varying  from 
2,000,000  to  3,000,000  gallons  daily.  This  great  volume,  together 
with  the  character  imparted  to  it  by  the  chemicals  present,  makes 
the  problem  of  satisfactory  treatment  diflicult. 

The  three  following  tables  present  the  average  analyses  of  a  large 
number  of  samples  taken  from  the  three  waste  pipes  of  paper  mill 
No.  1.  In  refl:ard  to  these  analvses  it  can  be  stated  here  that  at 
times,  when  the  alum  filters  are  being  washed  or  when  the  rotary 
boilers  are  being  emptied,  the  water  running  to  waste  is  much  more 
polluted  than  shown  by  any  of  the  averages  presented. 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


Waste  Water  from  Drain  Ifo.  1. 
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Paper  Mill  No.  2. 

The  waste  pipes  of  paper  mill  No.  2  all  empty  into  a  raceway 
underneath  the  mill.  A  large  number  of  samples  have  been  taken 
from  this  raceway,  but  their  analyses  do  not  accurately  represent  the 
waste  liquor  of  the  mill,  owing  to  the  fact  that  a  large  amount  of 
water  other  than  that  used  in  the  processes  of  manufacture  in  the 
mill  comes  into  the  raceway. 

Other  tables  are  given,  however,  presenting  the  average  analyses 
of  samples  taken  directly  from  the  waste  pipes. 


From  Baceway  of  Paper  Mill  No.  2, 

[Parte  per  100,000.] 
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From  Wcishers  and  Beaters  of  Paper  Mill  No,  2. 

[Parts  per  100,000.] 
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This  last  tnble  represents  the  liquor  of  the  previous  table  after 
having  pasoed  through  a  screening  apparatus  in  use  at  this  mill. 
This  apparatus  is  used  to  save  as  much  of  the  pulp  that  has  passed 
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through  the  paper  machine  as  possible,  and,  as  shown  by  the  table, 
55  per  cent,  of  the  organic  matter  represented  by  the  albuminoid 
ammonia  and  64  per  cent,  as  represented  by  the  oxygen  consumed 
is  screened  out  by  this  **  save  all." 

Filler  m.  77. 

A  mixture  of  these  paper  mill  liquors  has  been  applied  to  a  small 
filter  at  the  station.  This  filter  contains  4.5  feet  of  sand  of  an 
effective  size  of  0.23  millimeter  and  was  put  in  operation  during 
June.  The  liquor  is  applied  at  the  rate  of  200,000  gallons  per  acre 
daily,  and  a  bright,  clear  effluent,  containing  very  little  organic  mat- 
ter, has  been  obtained ;  but  this  purification  is  apparently  caused  by 
the  straining  out  and  retention  in  the  filter  of  the  organic  matter 
applied.  Some  of  the  organic  matter  removed  from  the  sewage  has 
undoubtedly  passed  into  the  air  in  gaseous  forms  of  carbon  and 
nitrogen,  but  nitrification  did  not  become  active,  although  the  ex- 
periment was  carried  on  during  the  warmest  months  of  the  year, 
owing,  probably,  to  the  various  chemicals  in  the  applied  liquor.  It 
is  possible  that  a  larger  percentage  of  the  applied  nitrogen  passes 
into  the  air  than  is  the  rule  with  sand  filters  receiving  ordinary 
town  sewage,  and  that  a  filter  receiving  this  liquor  could  be  operated 
indefinitely.  It  is  certainly  true  that  a  large  percentage  of  the  car- 
bonaceous organic  matter  is  strained  out  and  left  upon  or  very  near 
the  surface  of  the  filter  and  can  be  removed  without  removing  much 
of  the  filtering  material.  In  order  to  keep  a  filter  in  successful 
operation  this  would  probably  have  to  be  removed  from  time  to  time 
or  thoroughly  broken  up  at  intervals,  as  it  decomposes  very  slowly. 

Effluent  of  Filter  No.  77. 

[Parts  per  100,000.] 
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Coke  Strainer  for  Paper  Liquor. 

As  has  been  mentioned  previously,  the  volume  of  waste  liquors 
turned  out  by  the  paper  mills  is  very  large,  and  as  their  pollutions 
are  not  offensive  in  the  same  manner  and  degree  with  town  sewage, 
a  partial  purification  which  will  remove  a  large  percentage  of  the 
polluting  matters,  especially  those  in  suspension,  may  be  in  many 
cases  sufficient. 

The  use  of  coke  as  a  filtering  or  straining  medium  through  which 
to  pass  sewage  at  a  high  rate  for  the  purpose  of  removing  the  mat- 
ters in  suspension  has  been  investigated  at  the  station.  Its  advan- 
tages are  many,  among  which  is  that  of  removing  the  surface  layer 
of  coke  and  burning  it  when  it  becomes  clogged  by  the  sludge  re- 
moved from  the  sewaore. 

In  order  to  test  the  value  of  coke  in  treating  these  paper  liquors 
a  small  coke  strainer  was  started  at  the  station,  to  which  they  were 
applied  at  the  rate  of  1,000,000  gallons  per  acre  daily.  The  effluent 
of  this  strainer  has  been  very  satisfactory,  as  shown  by  the  following 
table. 

During  December  the  strongly  alkaline  and  highly  polluted  liquor 
from  the  rotary  boilers  (see  page  442)  was  applied  to  this  strainer. 


Effluent  of  Filler  No.  77  A. 

[Parts  per  100,000.] 
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44.00 
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.0046 

15.26 

Screening  J  Sedimentation  and  Chemical  Precipitation. 

A  considerable  proportion  of  the  organic  pollution  of  these  liquors 
is,  as  has  been  said  before,  in  suspension,  and  is  quite  readily  removed 
by  passing  the  liquid  through  wire  screens.  In  some  mills  a  con- 
siderable part  of  the  fine  pulp  which  passes  through  the  paper  ma- 
chines is  saved  in  this  way,  and  it  is  evident  that  a  large  portion  of 
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the  dirt  contained  in  the  wash  waters  could  be  screened  out  in  the 
same  manner.  If  this  were  done  it  is  evident  that  the  resulting 
liquor  could  be  applied  to  a  coke  strainer  at  two  or  three  times  as 
great  a  rate  as  would  be  feasible  without  this  straining. 

Results  upon  sedimentation  are  that  about  30  per  cent,  of  the 
total  organic  pollutions  are  removed  from  these  liquors  when  they 
are  allowed  to  stand  and  settle  for  one  hour,  and  that  a  period  of 
sedimentation  two  or  three  times  as  long  improves  this  result  little 
if  any.  This  proportion  of  removal  can  be  increased  to  about  45 
percent.,  if  either  ferrous  or  aluminum  sulphate  is  added  in  pro- 
portion of  500  pounds  per  1,000,000  gallons  of  liquor  treated. 

Waste  Liquors  from  Rinsing  and  Scx>uring  Wool. 

The  liquor  resulting  from  scouring  and  rinsing  wool  is  large  in 
volume,  exceedingly  rich  in  organic  and  mineral  matters  in  suspen- 
sion and  solution,  and  is  of  a  character  not  readily  acted  upon  by  the 
agents  of  decomposition,  putrefaction  and  nitriGcation. 

The  liquor  of  two  wool-scouring  works  has  been  analyzed  fre- 
quently during  the  year  and  studies  and  investigations  made  of 
methods  for  their  disposal.  From  one  of  these  plants  samples  of 
the  scouring  liquor  itself,  and  from  the  other,  samples  of  the  entire 
mixed  scouring  and  rinsing  liquor,  have  been  obtained  for  analysis 
and  investigation. 

Beginning  in  September,  1895,  the  waste  scouring  liquor  was 
applied  to  a  sand  filter,  but  the  excessive  quantity  of  dirt  and  fats 
of  various  kinds  in  the  liquor  caused  such  a  clogging  of  the  surface 
of  the  filter  that  it  was  soon  evident  the  clogging  matters  must  be 
removed  in  some  other  way  than  by  filtration.  Consequently  the 
percentage  of  removal  of  these  fats  and  dirts  by  means  of  different 
chemicals  has  been  investigated,  and  it  has  been  found  that  the  addi- 
tion of  calcium  chloride  to  the  liquor  causes  the  formation  of  a  lime 
soap,  and  that  the  fats  and  dirt  in  suspension,  together  with  some  of 
the  matters  in  solution,  are  precipitated.  The  ordinary  precipitants, 
such  as  lime  and  ferrous  and  aluminum  sulphate,  have  little  or  no 
effect  upon  the  liquor.  The  supernatant  liquor,  after  removing  fats, 
etc.,  by  calcium  chloride,  is  a  clear,  yellow  liquid,  containing  very 
little  matter  in  suspension.  Its  odor  is  slight  and  not  at  all  offen- 
sive, and  it  docs  not  change  its  character  on  standing.  It  contains 
a  large  amount  of  organic  matter  in  solution,  but,  judging  from  the 
experiments  thus  far  made,  the  indications  are  that  it  might  be 
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allowed  to  enter  a  body  of  water  not  used  as  a  water  Bupply  with- 
out creating  a  nuisance,  as  the  decotnpositioD  of  iti!  organic  matter 
would  be  very  gradual. 

The  following  table  gives  the  average  mouthty  analyses  of  the 
liquor  after  its  treatment  with  calcium  chloride  :  — 


Wool-Kouring  Liquor  after  Treatment  toith  Calcium  Chloride, 

[Put.  p.r  100,000.} 
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Experiments  opon  the  feasibility  of  further  purification  of  tbie 
liquor  have  been  carried  on  and  it  has  been  applied  to  sand  aod 
coke  filters,  and  although  its  clogging  properties  have  been  removed 
by  its  preliminary  treatment  so  that  it  passes  through  the  sand  or 
ooke  at  reasonable  rates  of  filtration  its  character  is  improved  but 
little.  (See  page  503,  report  of  1895.)  When  applied  to  a  filter 
in  a  state  of  active  nitrification  it  quickly  checks  and  destroys  thia 
action,  owing,  probably,  to  its  degree  of  alkalinity. 

Beginning  May  11,  thia  clarified  liquor  was  neutralized  and  ap- 
plied to  a  filter  containing  4.5  feet  of  sand  of  an  effective  size  of 
0.23  millimeter.  The  rate  of  filtratioo  was  at  first  100,000  galloDS 
per  acre  daily ;  on  August  15  it  was  reduced  to  25,000  and  no  Sep- 
tember 11  to  12,500  galloos  per  acre  daily.  At  either  of  thrne 
rates  the  applied  liquor  was  easily  disposed  of  but  passed  through 
the  filter  without  material  change,  as  shown  by  the  following  table 
of  analyses  of  the  e£9uent  from  this  filter.  The  numbers  of  bacteria 
in  both  the  applied  liquor  and  effluent  have  varied  from  several  ban- 
dred  thousand  to  several  million. 

This  filter  went  out  of  operaUoa  at  the  beginning  of  Norember. 
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Effluent  of  Filter  No.  74. 

[P«rt«  p«r  100,000.] 


DATS  — 18»«. 
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Filfer  No.  76. 

Experiraents  in  regard  to  the  ability  of  the  clarified  liquor  to 
nitrify  when  neutralized  and  mixed  with  Lawrence  sewage  have 
been  made.  During  June  a  filter  containing  4.5  feet  of  sand  of  an 
effective  size  of  0.23  millimeter  was  put  in  operation,  receiving 
equal  volumes  of  the  liquor  and  sewage  at  a  total  rate  of  100,000 
gallons  per  acre  daily.  This  proportion  and  rate  were  continued 
until  August  10,  when,  as  nitrification  had  not  started,  the  rate  was 
reduced  to  50,000  gallons  per  acre  daily  and  the  proportion  changed 
so  that  the  dose  applied  to  the  filter  contained  three  parts  Lawrence 
sewage  to  one  part  clarified  and  neutralized  wool  liquor.  This 
change  did  not  result  in  allowing  nitrification  to  become  established, 
and  on  September  11  the  proportion  was  made  one  to  five.  Fol- 
lowing this  change,  nitrification,  in  excess  of  that  which  could  be 
accounted  for  by  the  change  of  the  organic  matter  of  the  Lawrence 
sewage  alone,  has  taken  place  and  the  effluent  of  the  filter  has  been 
clear  and  almost  odorless. 

The  following  table  gives  the  average  monthly  analyses  of  the 
dose  applied  during  the  period  of  nitrification,  and  the  second  table 
beyond  presents  the  average  monthly  analyses  of  the  effluent  of  the 
filter :  — 
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Effluent  ofFiUer  No.  78. 
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Wooiy-BcouRiNG  Plant  No.  2. 

The  waste  wool  liquor  previously  described  was  that  resulting 
simply  from  the  scouring  process.  This  waste  scotiring  liquor  is 
eniKll  in  volume  when  compared  with  the  entire  waste  liquor  turned 
out  by  a  wool-scouring  plant,  as  the  volume  of  water  used  in  rinsing 
and  washing  the  wool  after  it  is  scoured  is  mnny  times  as  great  as 
the  volume  used  in  the  scouring  process,  —  approximately  100  to  1, 
—  and  this  entire  waste  liquor  contains,  of  course,  much  less  organic 
matter,  volume  for  volume,  than  the  scouring  liquor  alone. 

Samples  of  this  entire  mixed  scouring  and  rinsing  liquor  have 
been  collected  from  the  waste  drain  of  a  second  wool-washing  plant 
and  analyzed. 
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The  following  table  gives  an  average  of  these  analyses :  — 

WasU  Liquor  of  Wool-teouring  Plant  No.  2. 
[Parti  p«  ioa,<x«.] 
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Filter  M.  70. 

BeginoiDg  id  June  this  liquor  was  applied  to  a  filter  containing 
4.5  feet  of  sand  of  an  effective  size  of  0.23  millimeter,  at  a  rate  of 
100,000  gallons  per  acre  daily.  This  rate  of  filtration  continued 
until  September  14,  and  while  the  applied  dose  was  readily  disposed 
of  by  the  filter,  and  its  effluent  quite  clear  and  generally  odorless, 
nitrification  did  not  become  established.  On  September  14  the  dose 
was  so  changed  that  it  consisted  of  5  parts  wool  liquor  and  1  part 
Lawrence  sewage,  and  the  rate  of  application  was  made  120,000 
gallons  per  acre  daily.  Following  this  change  nitrification  became 
and  has  remained  active. 

The  following  table  presents  the  average  monthly  analyses  of  the 
effluent : — 

Effluent  ofFilUr  No.  70. 

[PuU  per  100,000.] 
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Solid  Matters  in  Manufacturing  Wastes. 

The  solid  matters  in  the  manufacturing  sewages  studied  are  large 
in  amount.  In  the  sewage  from  the  calf-skin  tannery  the  average 
amount  of  solids  present  in  parts  per  100,000  has  been  932.  As 
this  tannery  turns  out  from  200,000  to  300,000  gallons  of  sewage 
daily,  it  must  contain  at  least  10  tons  of  solid  matter  daily.  The 
solids  in  the  sewage  from  the  sheep-skin  tannery  are  about  the  same, 
and,  calling  the  average  daily  flow  of  sewage  at  this  tannery  35,000 
gallons,  at  least  1  ton  of  solid  matter  daily  is  carried  away  in  the 
sewage.  The  solids  in  the  wool-scouring  liquor  average  4,486  parts 
in  100,000.  The  average  solids  in  the  paper-mill  waste  liquors  are 
40  parts  in  100,000,  and,  calling  the  average  volume  of  the  waste 
liquors  2,500,000  gallons  daily,  it  appears  that  at  least  4  tons  of 
solid  matter  are  contained  in  the  daily  flow. 

Fats  in  Manufacturing  Sewages. 

The  tannery  sewages  and  wool  liquors  are  exceedingly  rich  in 
fatty  matters.  At  some  tanneries  the  fats  pressed  from  the  skins 
are  saved,  rendered  and  used  as  a  dressing  for  the  finished  leather. 
The  fats  in  the  wool-scouring  liquor  consist  of  the  soap  used  in  the 
process  and  the  animal  fats  removed  from  the  wool.  These  fatty 
matters  are  almost  universally  wasted  in  this  country,  flowing  away 
in  the  exhausted  scouring  liquor,  but  abroad  they  are  very  generally 
recovered  and  placed  upon  the  market  under  the  name  of  **  degras.** 
This  fat  is  extensively  used,  especially  in  the  leather  industries,  and 
a  large  amount  is  imported  by  this  country.  Whether  its  production 
in  this  country  would  be  profitable  or  not  cannot  of  course  be  stated 
here,  but  it  seems  probable  that  wherever  the  purification  of  the  waste 
liquor  became  necessary,  the  recovery  of  these  fats  could  be  accom- 
plished and  their  sale  pay  in  part,  at  least,  the  cost  of  purification. 

In  the  table  given  beyond  the  figures  presented  are  the  averages 
of  many  determinations  of  the  fatty  matters  present  in  the  tannery 
and  wool-scouring  liquors  investigated. 

Fata  in  Manufacturing  Sewages. 

[ParU  p«r  100,000.] 

Tannery  No.  1, 97 

Tannery  No.  2, 26 

Wool-scouring  liquor, 2,000 

Wool-scouring  liquor  after  treating  with  calcium  chloride,    .        .  88 
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Bacteriology  op  Manufacturing  Sewages  and  of  the  Efflu- 
ents FROM  Filters  Nos.  71  to  76. 

From  Aug.  15  to  Dec.  15,  1896,  frecjuent  bacteriological  exami- 
nations  of  the  maDufacturing  sewages  and  the  effluents  from  filters 
Nos.  71  to  76  were  made,  in  order  to  determine  what  species  of 
bacteria  they  contained,  the  number  of  bacteria  present  per  cubic 
centimeter,  and  to  determine  also  whether  the  bacteria  contained  in 
these  liquors  increased  or  diminished  in  number  when  the  sewages 
or  effluents  were  allowed  to  stand  for  a  few  days. 


Average  Number  of  Bacteria  per  Cubic  Centimeter  contained  in  Sewages 
applied  to  ajid  in  the  Effluents  from  Filters  Nos,  71  to  76. 

Aug.  15  to  Dec,  15, 1896, 


71. 


79. 


78. 


74. 


7S. 


76. 


Sewage  applied, 
Effluent,  . 


89,044 
2,245,000 


39,044 
4,645,000 


4,645,000 
188,000 


10,080,000 
4,000,000 


7,500,000 
26,700 


7,087,000 
1.684,000 


The  sewage  applied  to  filters  Nos.  71  and  72  contained  arsenic, 
and  for  this  reason  the  average  number  of  bacteria  present  was  small. 
After  the  removal  of  this  arsenic  by  filtration,  bacterial  life  was 
abundant  in  the  effluents. 

As  indicated  in  this  table  some  of  the  sewages  and  effluents  con* 
tained  several  million  bacteria  per  cubic  centimeter.  It  would  have 
been  impossible  to  count  the  colonies  formed  in  gelatine  plates  by 
such  great  numbers  of  organisms,  therefore  the  samples  were  diluted 
with  known  volumes  of  sterilized  water  before  the  analyses  were 
made.  By  this  method  of  treatment  some  of  the  species,  repre- 
sented by  only  a  few  cells  in  the  liquors,  were  probably  eliminated. 
However,  by  diluting  the  samples,  the  number  of  cells  found  in  a 
cubic  centimeter  was  reduced,  making  it  easier  to  identify  the  col- 
onies belonging  to  each  species  than  it  would  otherwise  have  been. 
Certain  bacteria  liquefied  the  gelatine,  others  produced  well-marked 
colors  or  colonies  which  had  characteristic  forms. 

By  taking  advantage  of  the  effect  of  dilution  to  diminish  the  num- 
ber of  bacteria  on  the  plate  and  thus  separate  the  colonies,  and  by 
noting  the  characteristics  just  described,  about  thirty-five  different 
species  have  been  detected  in  the  various  sewages  and  effluents.     In 
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order  to  complete  these  determinations,  detailed  series  gf  tests  or 
analyses  have  been  made  of  the  most  common  forms. 

To  show  the  relative  numbers  of  colonies  which  each  of  these 
species  formed  on  the  plates  when  present  in  the  sewage  or  effluent 
examined,  a  table  has  been  prepared  which  gives  the  average  per 
cent,  which  the  colonies  belonging  to  any  one  species  was  of  the 
entire  number  of  colonies  on  the  plate,  whenever  such  species  oc- 
curred.    (See  table,  page  453.) 
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This  table  shows  that  eleven  species  were  found  in  the  sewage 
applied  to  filters  Nos.  71  and  72,  eight  of  which  were  detected 
in  the  effluents  of  filters  Nos.  71,  72  and  73;  of  the  six  species 
found  in  the  sewage  applied  to  Filter  No.  74,  five  were  detected  in 
its  effluent ;  of  the  twenty-three  species  in  the  sewage  applied  to 
Filter  No.  76,  fourteen  appeared  in  the  effluent,  and  of  the  seventeen 
species  found  in  the  sewage  applied  to  Filter  No.  75,  ten  were  found 
in  the  effluent.  Furthermore,  species  numbered  63,  64,  65,  66,  67, 
68,  80  and  81  were  found  in  all  the  applied  sewages  and  effluents, 
except  in  the  sewage  and  effluent  of  Filter  No.  74.  This  filter  was 
flooded  with  liquor  obtained  by  treating  wool-scouring  sewage  with 
calcium  chloride,  straining  out  the  precipitated  sludge  and  neutral- 
izing the  filtrate  with  sulphuric  acid,  and  when  applied  to  Filter 
No.  74,  as  indicated  in  the  table  on  page  446,  contained  on  an 
average  19,000,000  bacteria  per  cubic  centimeter,  but  as  a  result  of 
the  treatment,  only  six  species.  Of  these.  No.  94  deserves  special 
mention  from  the  fact  that  it  occasionally  appeared  as  almost  the 
only  species  in  the  liquor  and  because  it  possessed  the  power  to 
reduce  nitrate  (in  bouillon)  to  nitrite  in  a  marked  degree. 

Of  the  other  eight  species  which  were  common  to  all  the  sew- 
ages and  effluents,  attention  is  called  to  Nos.  66  and  80.  During 
the  months  of  August  and  September  the  Bacillus  No.  66  formed 
from  53  to  90  per  cent,  of  the  colonies  found  on  the  plates.  In 
October  great  numbers  of  small  white  colonies,  formed  by  Bacillus 
No.  80,  appeared  in  the  sewages  and  effluents.  This  organism  dif- 
fered from  the  preceding  in  that  it  developed  rather  slowly  in  nutrient 
gelatine  and  possessed  the  power  to  reduce  nitrate  (in  bouillon)  to 
nitrite  with  great  rapidity.  Of  the  other  species.  No.  63  liquefied 
the  gelatine,  forming  brown  colonies  resembling  burnt  umber  in 
color,  and  seemed  to  resemble  the  Bacillus  ruber  described  by  Eisen- 
berg.  Species  64  produced  orange  colonies  and  reduced  nitrate  (in 
bouillon)  to  nitrite  rapidly.  No.  65  liquefied  the  gelatine,  reduced 
nitrate  (in  bouillon)  to  nitrite  and  was  accompanied  by  a  character- 
istic odor.  Species  67,  68  and  81  liquefied  the  gelatine  but  pos- 
sessed no  other  characteristics  of  special  interest. 

It  will  be  seen  that  the  doses  for  filters  Nos.  75  and  76  contained 
many  more  species  than  the  other  sewages.  This  was  undoubtedly 
due  to  the  fact  that  the  sewages  applied  to  filters  Nos.  75  and  76 
were   mixtures  of  regular  Lawrence  sewage  and  factory  sewage. 
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The  species  present  resembled  the  species  in  regular  sewage  closely, 
and  the  bacteria  per  cubic  centimeter  averaged  about  the  same  in 
number. 

In  this  connection  it  should  be  noted  that  the  pail  used  to  meas- 
ure the  regular  station  sewage,  to  be  mixed  as  described  above,  was 
sometimes  used  to  measure  the  sewages  to  be  applied  to  filters  Nos. 
71,  72,  73  and  74.  The  small  volUme  of  sewage  left  in  it  was  suf- 
ficient probably  to  seed  the  liquors,  measured  later,  with  the  bacteria 
which  prevailed  in  the  station  sewage.  This  may  account  for  the 
similarity  of  species  found  in  these  liquors. 

Increase  in  the  Number  of  Bacteria  in  Sewages  which  have 

BEEN   ALLOWED   TO   STAND   FOR   SEVERAL   DaTS. 

The  table  on  page  451  shows  that  the  average  number  of  bacteria 
per  cubic  centimeter  found  in  the  sewage  applied  to  filters  Nos.  71 
and  72,  during  the  period  from  August  to  December,  averaged  39,- 
944.  In  the  table  on  page  433  the  average  number  of  bacteria  is 
given  as  1,668,743  per  cubic  centimeter,  but  this  latter  table  in- 
cludes an  average  of  the  analyses  made  from  May  to  December.  The 
apparent  discrepancy  shown  by  these  two  tables  is  due  to  the  fact 
that  the  amount  of  arsenic  in  the  sewage  has  varied  at  different 
seasons  of  the  year.  Sewages  obtained  at  certain  seasons  (May  or 
December,  for  instance)  sometimes  contained  several  million  bacteria 
per  cubic  centimeter,  but  at  other  times  the  number  found  averaged 
less  than  20,000. 

When  such  sewage  is  filtered,  the  arsenic  is  removed  and  the  bac- 
teria increase  rapidly  in  the  purified  effluent,  as  shown  in  the  next 
table. 


Comparison  of  the  Number  of  Bacteria  which  developed  in  Sewage  from  Tannery 
No.  1  with  the  Effluents  from  Filters  Nos,  71,  72  and  73. 

[BftcterU  per  Onbio  Oantlineter  in  the  Sample.] 


Immediately 

after 
CoUectloii. 


After  Stand- 
ing 
MHoore. 


After  Stand- 
ing 
48  Hours. 


Anenlc 

(Parts  per 

100,000). 


Tannery  eewaye, 
Bfflnent  from  71, 
Bfflnent  from  72, 
Bf&nent  from  78, 


2,652 

488 

200 

6,040,000 

6,180,000 

6»200,000 

6,010,000 

18,880,000 

28,800,000 

629,000 

676,000 

1,260,000 

2.0 

Leas  than 

0.1 

0.1 

0.1 
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This  table  shows  that  when  much  arsenic  was  present  the  bacteria 
were  few  in  namber,  but  in  the  effluents  which  contained  a  mere  trace 
of  arsenic  the  bacteria  increased  rapidly,  for  a  time  at  least. 

Wool-scouring  Liquors. 

The  sewage  from  wool  scouring  usually  contained  a  laige  excess 
of  free  alkali  and  organic  substanees  washed  from  the  wool.  Before 
applying  the  sewage  to  Filter  No.  74,  the  liquor  was  treated  wilh 
calcium  chloride  and  strained,  in  order  to  remove  the  matters  in 
suspension.  The  strained  liquor,  obtained  in  this  way,  was  then 
neutralized  by  adding  sulphuric  acid,  and  applied  to  Filter  No.  74, 
or  mixed  with  station  sewage  and  applied  to  Filter  No.  76. 

The  bacteria  in  the  untreated  liquor  included  several  species ;  in 
the  strained  liquor  the  number  of  species  was  smaller ;  in  the  neu- 
tralized liquor  there  were  only  a  very  few  species ;  and  in  the 
neutralized  liquor  mixed  with  station  sewage,  to  make  the  dose 
for  Filter  No.  74,  a  grieat  many  species  appeared.  When  these 
liquors  were  allowed  to  stand  for  a  few  days  the  number  of  bacteria 
increased  rapidly.  This  point  is  well  illustrated  in  the  following 
table :  — 

Number  of  BcuUerta  per  Cubic  CetUimeier  found  in  Wool-scouring  Sewages. 

Untreated  Llqnorpliu       ®i^/I!li!???'       Neutmllw 


Untreated 

Wool-sooilHng 

LIqaor. 


Llqnor  plus 

Caldam  Chloride 

strained. 


Strained  LIqaor 
nentraUsed  bj 

adding 
Salphoric  Acid. 


Neatralised 

Liquor  pica  8ta^ 

tlon8«wafe. 


Sample  J  oat  eoUeoted, 

Sample  itood  twenty^fonr  hoara, 

Sample  etood  three  daye,  . 


10,000 

1,485,000 

110,000,000 


100 

20,000 

10,000,000 


200 

810,000 

67,000,000 


1,M2,000 
60,700,000 
71,040,000 


From  this  table  it  is  apparent  that  the  number  of  bacteria  con- 
tained in  the  various  liquors  increases  most  rapidly  in  the  liquor 
which  has  been  neutralized  with  acid.  As  shown  elsewhere,  how- 
ever, the  bacteria  found  in  the  neutralized  liquor  generally  belonged 
to  a  small  number  of  species,  species  No.  94  often  forming  nearly 
90  per  cent,  of  the  colonies.  The  neutralized  liquor  was  diluted  to 
a  greater  degree  than  the  other  liquors,  before  making  analyses,  be- 
cause this  liquor  was  infested  with  moulds,  and  unless  the  samples 
had  been  diluted  enough  to  reduce  the  number  of  moulds,  the  latter 
filled  up  the  plates  so  that  the  bacteria  could  not  be  detected. 
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Sewage  from  Tannery  No.  2. 

The  samples  of  sewage  obtained  at  Tannery  No.  2  contained,  on 
an  average,  several  million  bacteria  per  cubic  centimeter.  The  sew- 
age applied  to  Filter  No.  75  contained  a  mixture  of  this  tannery 
sewage  with  regular  station  sewage. 

Average  Number  of  Bacteria  per  Cubic  Centimeter  found  in  the  Sewage  from 
Tannery  No.  2,  in  the  Sewage  applied  to  Filter  No,  75^  and  in  the  Effluent 
from  FilUr  No.  75. 


Tmnnery  Mwage. 

Sewage  mppltod  to  Filter  No.  7&. 

Bfflacnt  from  Filter  No.  7ft. 

3,043,000 

0,611,000 

26,700 

The  species  found  in  the  sewage  applied  to  Filter  No.  75  and  in 
the  effluent  resembled  the  species  found  in  regular  station  sewage. 

In  summing  up  these  results,  it  may  be  said  that  the  number  of 
bacteria  found  in  the  various  sewages  and  effluents  was  very  great, 
except  in  the  tannery  sewage,  which  contained  arsenic ;  when  this 
arsenic  was  removed  the  bacteria  began  to  increase  rapidly  in  num- 
bers. The  species  found  resembled  the  species  found  in  regular 
sewage,  and  most  of  the  species  found  in  the  sewages  appeared  in 
the  effluents.  A  few  species  were  found  in  all  the  sewages  and 
effluents. 

MiCRO-OEGANISMS  FOUND  IN  RiVER  WaTER  RECEIVING  THE  SeWAGE 

FROM  Tannery  No.  1. 

Samples  of  water,  collected  from  different  points  of  the  river,  into 
which  the  sewage  from  tannery  No.  1  runs,  were  examined  for 
micro-organisms  with  the  following  results.  This  sewage,  it  will  be 
remembered,  contains  arsenic. 


Micro-^trgantsms  in  Sample  oj  Water  collected  at  a  Point  in 

the  River, 

Abore  Tannery. 

Tannery  Sewage. 

1,000  Feet  below 
Tannery. 

Head  of  Pond 

throng h  which  the 

River  flows. 

Near  the  Outlet  of 
the  Pond. 

DlAtome,  . 
Alg0, 

Cyanophyoen, 
lafoeorU, 

Diatoms, 

Cyanophyceas, 
Infueorla, 

Diatoms, 

OyanophycesB,     . 
Infnaoria, 

DUtoma, 

OyanopbycesB,     . 
Infasorla, 

Dlatoma. 
Alg». 

OyanophyoMi. 
Infaaorla. 
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From  this  table  it  is  apparent  that  after  the  tannery  sewage  enters 
the  river  the  alg»  disappear  until  the  water  has  become  partially 
purified  by  passing  through  the  pond.  Most  of  the  cyanophyceas 
and  diatoms  found  in  the  river  above  the  tannery  also  disappeared, 
but  there  were  some  micro-organisms,  such  as  nostoc,  navicula  and 
infusoria,  found  even  in  the  undiluted  sewage. 

The  river  above  the  tannery  contained  great  bunches  of  algae, 
cyanophyceae,  etc.,  and  the  stones  on  the  bottom  were  coated  with 
masses  of  zoOgloea,  about  which  were  clustered  diatoms  of  many 
varieties  and  also  infusoria.  The  algro  included  spirogyra,  ulothrix 
and  other  filamentous  forms ;  cosmarium,  chlorococcus  and  other 
non-filamentous  forms ;  the  cyanophycete  included  oscillaria,  lep- 
tothrix,  oedogonium,  nostoc  and  other  forms ;  the  diatoms  included 
navicula,  synedra,  gomphonema,  tabellaria  and  many  other  forms; 
indeed,  the  diatoms  were  very  common ;  the  infusoria  included  at 
least  three  forms. 

The  surface  of  the  river  below  the  tannery,  its  banks  and  the 
stones  which  line  the  pond  were  coated  with  masses  of  a  dark-green 
slime.  On  the  bottom  of  the  river  and  pond  bunches  and  mats  of 
dirty  white  filamentous  forms  had  gathered,  which  often  looked  like 
frayed  rope.  These  masses  of  slime  and  bunches  or  mats  consisted 
of  filaments  of  oscillaria,  gloeotrichia,  lyngbia,  protococcus  forms, 
zooglcea,  diatoms,  sludge  from  the  tannery,  infusoria,  worms,  etc., 
matted  together.  Most  of  the  filamentous  forms  found  belonged  to 
the  blue-green  algae,  but  associated  with  the  latter,  especially  in  the 
clusters  of  dirty-white  rope-like  bunches  found  on  the  stones,  were 
long,  cork-screw-like  filaments,  nearly  white,  which  possessed  marked 
twitching  movements.  They  resembled  beggiatoa  in  general  appear- 
ance, but,  from  the  presence  of  many  similar  filaments  containing  dis- 
tinct chlorophyl  bands,  the  white  cells  perhaps  were  filaments  of 
oscillaria  from  which  the  chlorophyl  had  been  bleached  by  the  sulphur 
compounds  set  free  by  decomposition  of  the  tannery  sewage. 

Where  the  stream  becomes  purified  by  sedimentation,  new  species 
of  cyanophyceaB,  such  as  oscillaria,  gloeotrichia,  new  forms  of  diatoms 
and  infusoria,  notably  vorticella,  were  found.  Some  of  these  may 
have  been  introduced  by  the  tide-water  which  floods  the  basin  twice 
a  day. 

After  receiving  tannery  sewage  the  character  of  the  plant  life 
changed ;  the  organisms  decreased  in  number  and  in  species.  Ex- 
periments therefore  were  made  in  order  to  test  the  effect  produced 
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by  varying  volames  of  tannery  sewage  on  the  micro-organisms  living 
in  the  river  water. 

Various  amounts  of  sewage  from  the  settling  basin  at  tannery  No. 
1  were  added  to  flasks  containing  samples  of  water  taken  from  the 
stream  above  the  tannery.  A  similar  series  of  flasks  was  treated 
with  a  sodium  arsenite  solution  containing  arsenic  in  the  proportion 
of  980  parts,  495  parts  and  248  parts  per  100,000  parts  of  river 
water.  As  noted  above,  the  stream  contained  very  many  species  of 
micro-organisms. 

The  alg»  seemed  to  die  out  after  standing  two  or  three  days  in 
waters  containing  the  greatest  amounts  of  sewage  or  arsenite,  but  lived 
for  several  days  in  the  other  samples.  In  flasks  which  contained 
small  amounts  of  sewage  or  arsenite,  infusoria  and  diatoms,  especially 
synedra  and  navicula,  seemed  to  increase;  even  spirogyra,  etc., 
lived  there  for  two  weeks.  As  a  matter  of  fact  one  species  of  algsd, 
which  resembled  protococcus  or  tetraspora,  flourished  for  five  months 
in  a  flask  which  contained  1  part  of  tannery  sewage  to  1  part  of 
river  water. 

Effluents  from  filters  Nos.  71,  72  and  73  produced  no  particular 
effect  on  micro-organisms  present  in  pond,  river  and  well  waters, 
but  large  quantities  of  tannery  sewage  or  a  strong  solution  of  ar- 
senite destroyed  such  organisms  as  cosmarium,  etc.  Even  in  these 
solutions,  however,  certain  filamentous  forms  and  diatoms  lived. 

Number  of  Bacteria  per  Cubic  Centimeter  found  in  Water  collected  at  Different 

Points  in  the  River ^  September^  1896. 


stream  aboTe 
Tannery. 

Tannery  Sewage. 

Stream  1,000  Feet 
below  Tannery. 

Head  of  Pond. 

Near  Ootlet  of 
the  l\>nd. 

786 

1,984 

10,858 

2,620 

1,182 

Filtration  of  Lawrence  Sewage. 

The  Lawrence  sewage  applied  to  the  experimental  filters  is  drawn 
through  a  2.5  inch  pipe  4,300  feet  long,  from  the  Lawrence  Street 
sewer  at  a  point  just  below  the  main  business  street  of  the  city  and 
just  above  the  entrance  of  wastes  from  the  large  mills.  This  sewer 
drains  the  streets,  bouses  and  stores  of  the  most  densely  populated 
section  of  the  city. 

The  sewage  drawn  from  this  sewer  has  contained  more  organic 
matter  during  1896  than  during  any  previous  year  in  the  history  of 
the  station  with  the  exception  of  1895. 
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Large  measuring  tanks  receive  this  sewage  at  the  station  and  fix)m 
them  it  is  run  upon  the  different  filters.  On  at  least  four  days  in 
each  week  a  bottle  of  sewage  is  collected  for  analysis  from  one  of 
these  tanks,  and  this  is  known  as  the  regular  sewage. 


Monthly  Averages  of  Analyses  of  Regular  Sewage  Samples, 

[PurU  per  100,000.] 


1S»«. 


January, 
Febmary,    . 
March. .       .       . 
April,   . 

May,     .       .       . 
June,    . 
July,     . 
Aagnit, 
September,  . 
Oetober, 
November,  . 
December,   • 

Average,   • 


40 
46 
48 
47 
60 
64 
T2 
74 
66 
64 
47 
46 


66 


I 


8.71 
8.88 
4.80 
4.25 
4.47 
3.64 
8.73 
8.64 
3.78 
4.86 
6.11 
4.00 


4.08 


Albumikoid  Ammonia. 

4 

JS 

^ 

H 

1 

s 

£ 

a 

0.78 
0.68 
0.72 
0.81 
0.76 
0.02 
0.66 
0.60 
0.67 
1.00 
1.26 
1.S4 


0.78 


.87 
.83 
.28 
.83 
.81 
.28 
.14 
.21 
.27 
.33 
.40 
.60 


.81 


.41 
.26 
.44 
.48 
.44 
.84 
.41 
.29 
.80 
.77 
.86 
.74 


.48 


8.06 

7.20 

8.29 

8.68 

10.79 

11.27 

11.00 

11.00 

10.74 

11.38 

10.93 

11.22 


10.12 


i 

§ 

ss 


4.81 
6.18 
8.80 
4.60 
3.70 
3.23 
2.71 
2.06 
8.12 
6.06 
6.46 
6.04 


4.14 


II 


8,n8,000 
1,768,000 
2,610,000 
4,678,000 
4,784,000 
8,880,000 
8,142,000 
3,008,000 
8,962,000 
6,266,000 
8,742,000 
6,262,000 


4,887,000 


Analyses  of  samples  of  sewage  collected  each  Wednesday  directly 
from  the  Lawrence  Street  sewer,  at  the  point  where  the  pipe  from 
the  sewer  to  the  station  begins,  have  been  made  each  week  during 
the  year.  These  samples  have  been  collected  in  the  morning  when 
strong  day  sewage  is  flowing  through  the  sewer.  The  table  giving 
the  monthly  averages  of  the  analyses  of  this  sewage  is  given  below, 
and  on  comparing  it  with  the  previous  table  it  will  be  seen  that  the 
total  nitrogen  represented  by  the  free  and  albuminoid  ammonia  is 
nearly  the  same,  being  4.86  parts  in  the  Lawrence  Street  sewage 
and  4.62  parts  in  the  regular  station  sewage.  The  greater  quantity 
of  free  ammonia  and  the  lower  quantity  of  oxygen  consumed  in  the 
regular  sewage  are  due  to  its  passage  through  the  pipe  from  the 
sewer  to  the  station,  with  the  consequent  bacterial  and  chemical 
changes.  The  nitrates,  nitrites  and  free  dissolved  oxygen  present 
in  the  sewage  when  in  the  sewer  have  disappeared  when  the  sewage 
reaches  the  station. 

The  second  table  beyond  gives  a  monthly  average  of  samples  col- 
lected from  the  Lawrence  Street  sewer  each  week  day  during  eight 
months  of  the  year.     The  samples  averaged  in  this  table  were  taken 
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at  all  times  of  the  day,  both  moraiDg  and  afterDooD,  while  the  samples 
averaged  in  the  first  table  beyood  were  alt  taken  at  about  9  o'clock 
ID  the  uiorDiDg. 

Itonihh)  Averages  of  Analt/aea  of  Sewage  from  the  Lawrence  Street  Sewer. 

[ParU  per  100,000.]  ' 
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Mi8,ooo 

B.OW,0OO 
4,053.000 
S.388,000 
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7,303,000 
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Hi 

».*a 

i,ia 

.71 

.« 

1S.M 

■'• 

.03BS 

0.40 

4.0*1,000 

Monthly  Averages  of  Analyses  of  Average  Lawrence  Street  Sewage  Samples. 
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Otheb  Samples  of  Sewage  collected  fob  Analysis. 

In  addition  to  the  sewages  represented  by  the  preceding  tables»  it 
has  been  the  practice  to  collect  other  representative  samples  for 
analysis,  as  follows  :  — 

1.  A  sample  representing  an  average  of  all  the  sewage  pumped 
on  each  Tuesday  of  the  year. 

2.  Samples  representing  weekly  averages  of  all  the  sewage  ap- 
plied to  filters  Nos.  1,  6  and  9  A. 

3.  On  each  Tuesday  of  the  year  a  sample  of  the  supernatant 
sewage  after  allowing  regular  sewage  to  stand  for  four  hours. 

4.  On  each  Tuesday  of  the  year  a  sample  of  the  supernatant 
sewage  after  treating  regular  sewage  with  sulphate  of  alumina  in  the 
proportion  of  1,000  pounds  per  1,000,000  gallons,  and  allowing  to 
stand  and  settle  for  four  hours. 

5.  On  each  Tuesday  of  the  year  a  sample  of  the  sewage  result- 
ing from  straining  regular  sewage  through  a  layer  of  coke  breeze  at 
a  rate  of  1,000,000  gallons  per  acre  daily. 


Monthly  Averages  of  Analyses  of  Average  Sewage  Samples, 

[ParU  per  100,000.] 


Free 

AmmonUu 

Albumihoid  Ammonia. 

i 

1 

s 

li 

1SQ6. 

• 

I 

1 

• 
0 

1 

a 
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• 

1 

Jmnumry, 

4.«5 

0.74 

.42 
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3.03 

6.26 

February, 

3.61 

0.63 
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.28 

6.40 

2.68 

8.90 

March,    . 

4.12 

0.60 

.35 

.26 

6.04 

8.06 

8.86 

April, 

4.M 

0.70 

.40 

.39 

10.10 

8.70 

4.90 

May,        . 

4.56 

1.07 

.33 

.74 

0.26 

6.46 

14.86 

Juoe, 

4.05 

0.70 

.80 

.40 

12.72 

8.86 

8.85 

July,       . 

4.43 

0.68 

.82 

.36 

18.35 

8.60 

7.16 

Auguet,  . 

3.73 

0.67 

.21 

.86 

11.13 

8.10 

4.86 

September,    . 

« 

4.60 

0.74 

.31 

.43 

12.11 

8.87 

6.S6 

October, . 

4.40 

0.78 

.34 

.44 

0.28 

8.76 

7.00 

Nuvember,     , 

4.76 

1.21 

.46 

.76 

0.60 

4.90 

7.8ft 

December, 

4.06 

0.07 

.40 
.86 

.67 

0.98 

6.36 

6.91 

ATerage, . 

4.83 

0.70 

.44 

0.86 

8.07 

6.8ft 
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Monthly  Averages  of  Mixed  Samples,  representing  alt  of  l&e  Sewage  applied  to 
FilUra  Nos.  I,  6  and  9  A. 

[FarU  par  100,000.] 
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S.18 

11.10 

iB.oa 

U.90 

6,4S 
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A™™g.,         ■        . 

4.10 

4.M 

..16 

0,71  ■  0.M 

O.dt  ''  3.«t     %M 

a.4i 

S.7> 

ll.« 

T.ia 

Monthly  Average*  oj  Analyses  of  Supernatant  Liquid  from  i 
FUUr  No.  13  A. 


[Pari 

■  par  100.000.] 
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Monthly  Averages  of  Analyses  of  Supernatant  Liquid  from  Sewage  treated  wiih 

SulphaU  of  Alumina  for  FiUer  No.  19. 

[Parti  per  100,000.] 


Free 

Ammonia. 

ALBDMIXOID  AMMOiriA. 

• 

1 

a 

y 

i 

Bacteria    per 
Cable  Genu- 
meter. 

ISM. 

• 

1 
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a 
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6.25 
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.IS 

8.47 
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.00 
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.10 
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1.664.000 

Jane, 

4.70 
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11.65 

1.40 

1.50 
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Jolj.        . 

4.1T 

.28 

.28 

.06 
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1.60 

2.03 
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Aagnat,    . 

8.67 

.20 

.17 

.00 

9.80 

1.68 

1.50 

1,607,000 

September, 

4.07 

.80 

.24 

.06 

10.78 

1.67 

2.54 

1,694,000 

Oetober,  . 

6.07 

.48 

.82 

.16 

14.92 

2.20 

8.00 

768,000 

Norember, 

6.10 

.48 

.38 

.12 

10.12 

2.40 

4.05 

2,185,000 

December, 

4.80 

.64 

.41 

.18 

0.40 

8.23 

2.75 

1,018,000 

Average,   . 

4.60 

.87 

.27 

.11 

9.88 

2.08 

2.59 

1,187,000 

Monthly  Averages  of  Analyses  of  Sewage  straified  through  Coke  for  Filter  No.  14  A. 

[ParU  per  100,000.] 
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4.67 
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6.85 
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11.69 
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4.90 

.57 
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Summarizing  these  resulta  for  1896  we  find  that,  by  allowing  the 
eewuge  to  settle  in  barrels  for  four  hiiura  and  then  drawing  a  sumple 
for  anulyain  from  a  faucet  half  way  between  the  top  and  bottom  of 
the  barrel,  this  sample  shows  a  removal  of  33  per  ceat.  of  the  organic 
matter  as  represented  by  the  total  albuminoid  ammonia  and  27  per 
cent,  as  represented  by  the  oxygen  consumed.  By  the  same  treat- 
ment, together  with  the  addition  of  sulphate  of  alumina,  in  the  pro- 
portion stated,  the  removal  has  been  53  per  cent,  and  51  per  cent, 
respectively.  By  straining  through  cuke  the  removal  has  been  47 
and  49  per  cent,  respectively. 

These  continuous  experiments  upon  the  removal  of  organic  matter 
by  sedimentation,  chemical  precipitation  and  straioing  through  coke 
have  bc^  continued  for  several  years,  and  the  resulta  obtained  each 
year  are  presented  in  the  following  table :  — 
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The  sewages  resulting  from  settling,  precipitating  and  straining 
the  regular  scwnge  b:ive  been  applied  to  filters  Nos.  13  A,  14  A  and 
19,  respectively,  us  will  be  descrilied  beyond.  The  percentage  of 
organic  matter  removed  by  these  different  methods  varies  from  year 
to  year  and  depends  largely  upon  the  percentage  of  insoluble  orgitnic 
matter  in  the  sewage  treated.  Thus,  in  1892,  55  per  cent,  of  the 
total  albuminoid  ammonia  was  inBolul>le  and  sedimentation  removed 
33  per  cent. ;  in  1893,  51  per  cent,  was  insoluble  and  chemical  pre- 
cipitation removed  48  per  cent.  ;  in  m!l4,  59  per  cent,  was  in»«otubIe 
and  sedimentation,  chemical  precipitation  and  coke  straioing  removed 
30  per  cent,,  59  per  cent,  and  43  per  cent,  respectively  ;  in  1895,  72 
per  cent,  was  insoluble  and  the  removal  by  these  three  processes  was 
48,  63  and  61  per  cent,  respectively;  while  in  1896,  with  6i  per 
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cent,  of  the  total  albuminoid  ammonia  insoluble,  the  per  cent,  of 
removal  by  the  three  processes  has  been  33,  51  and  47  respectively. 

Comparison  of  the  Strength  of  Station  Sewage. 

Bringing  together  for  comparison  the  average  results  of  the 
analyses  of  the  several  series  of  samples  of  untreated  sewage  gives 
us  the  following  table  :  — 

Average  Analysis, 

[Parts  per  100,000.] 
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.43 

0.70 

3.64 

4.  hi 

For  Filler  No  6 

4.60 

.84 

.34« 

.50 
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8.99 

6.1& 

For  Filler  No.  9  A, 

4.10 

.66 

.26* 

.40 

7.79 

3.42 

4.44 

•  Estimmted. 


Composition  of  Sewage. 

The  percentage  of  the  nitrogen  in  a  sewage,  determined  by  the 
albuminoid  ammonia  process,  varies  with  the  age  of  a  sewage,  that 
is,  with  its  freshness  or  staleness.  Figures  in  regard  to  this  fact 
have  been  given  in  the  last  two  reports,  and  the  subject  has  been 
further  studied  during  1896,  not  only  with  fresh  and  stale  city  sew- 
age but  also  with  the  various  manufacturing  sewages  examined. 

A  continuous  comparative  determination,  by  both  the  albuminoid 
ammonia  and  Kjeldahl  processes,  of  the  organic  nitrogen  present  in 
the  stale  sewage  pumped  at  the  station  and  the  fresh  Lawrence  Street 
sewage  has  been  made.  This  examination  continued  for  five  months, 
June  to  October  inclusive,  and  the  results  are  presented  in  the  fol- 
lowing table :  — 

Comparison  of  Nitrogen  determined  as  Albuminoid  Ammonia  {Wanklt/h)   wUh 

Organic  Nitrogen  {Kjeldahl). 

[Parts  per  100,000.] 


Station  Sewage 


Lawrence  Street 
Sewage. 


Nitrogen  as  albuminoid  ammonia, 
Organic  nitrogen, 

Per  cent,  which  former  is  of  latter, 
Average  per  cent ,  1894-95, 


0.04 
2.66 

87 

26 
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The  figures  given  in  the  previous  years  have  shown  a  smaller  per- 
centage of  nitrogen  determined  by  the  albuminoid  ammonia  process. 
These  former  figures  have  been  calculated  from  analyses  of  series  of 
samples  taken  each  hour  for  twenty-four  hours  and  cover  a  period 
of  one  day  only,  but  include,  of  course,  all  the  various  kinds  of 
sewage,  weak  and  strong,  flowing  in  the  sewer  during  that  day. 
On  the  other  hand,  the  1896  figures  cover  a  five  months'  period,  but 
are  of  samples  of  morning  sewage  only,  and  it  has  been  found  that 
this  strong  sewage  yields  a  larger  percentage  of  its  organic  nitrogen 
as  albuminoid  ammonia  than  does  the  weaker  night  sewage.  A 
larger  percentage  of  the  organic  matter  present  was  in  solution  in 
1896  than  during  previous  years,  and  this  fact  probably  had  con- 
siderable influence  upon  the  percentage  determined  by  the  albumi- 
noid ammonia  process. 


Manufacturing  Sewages. 

Bringing  together  the  comparative  determinations  made  by  both 
the  Wanklyn  and  Kjeldahl  processes  of  the  nitrogen  in  the  manu- 
facturing sewages  gives  us  the  following  table  :  — 

Cmnparison  of  Nitrogen  detennined  as  Albuminoid  Ammonia  (Wanklyn)  with 

Organic  Nitrogen  {Kjeldahl), 

[Parte  per  100,000.] 


Entire  Sew- 
age o( 
Tmuiery 
No  1. 


Supernatant 
Sewage 

ofTannery 
No.  1. 


Entire  Sew- 
age of 

Tannery 
No.  2 


Supernatant 

Sewage 

of  Taniiery 

No.  2. 


Wool- 

B( -on  ring 

L'quor 

(clarified). 


Nitrogen  as  albumlnotd  amnaonia,   , 
Organic  Diiro|;cD  (Kjt-ldabI),    . 
Per  cent,  which  former  iH  of  latter, 


5.09 
14.17 
36 


2.20 

6.71 

89 


2.71 

6.92 

40 


1.85 

4.64 

41 


9.38 

21.90 

43 


The  analyses  of  the  tannery  sewages  were  made  as  soon  as  the 
samples  were  received  at  the  laboratory,  but  this  was  generally 
twenty-four  hours  after  their  collection,  although  occasionally  thoy 
were  received  upon  the  day  of  collection.  This  fact  gave  a  length- 
ened period  for  decomposition  and  the  consequent  breaking  up  of 
organic  matter  into  bodies  more  easily  oxidized  by  the  permanganate 
used  in  the  Wanklyn  process,  but  had  little  influence  upon  these 
particular  results,  for  tannery  sewage  is  of  considerable  age  and  in 
an  advanced  state  of  decomposition  when  allowed  to  run  to  waste 
from  the  tannery.  Bej^iides  this  the  samples  of  sewage  from  tannery 
No.  1  almost  invariably  contained  enough  arsenic  to  stop  further 
decomposition. 
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Disposal  of  Fresh  and  Stale  Sewage. 

Id  regard  to  the  changes  in  the  organic  constituents  of  sewage  that 
take  place  as  the  sewage  grows  older,  it  can  be  said  that  considerable 
data  have  been  given  in  the  last  two  reports.  It  has  become  evident, 
and  has  heen  so  stated  in  part,  that  when  sewage  is  fresh,  that  is  to 
say,  when  the  mixture  of  water  and  decomposable  matter  of  all  kinds 
such  as  is  found  in  sewage  has  just  occurred,  these  matters  can  be 
(^trained  or  precipitated  out  quite  readily  from  the  main  body  of  the 
liquid.  This  is  the  reason  why  it  has  been  stated  by  many  that 
sewage  should  reach  its  disposal  area  as  soon  as  possible,  that  is,  in 
as  fresh  a  condition  as  possible,  in  order  that  this  separation  may  be 
accomplished  with  the  best  results.  The  separated  sludge  then  re- 
mains to  be  cared  for  either  by  disposal  upon  separate  sludge  beds 
or  mixed  with  earth  and  a  compost  formed.  The  disposal  upon 
sludge  beds  often  means  simply  that  it  is  allowed  to  inin  upon  these 
beds  and  by  draining  become  separated  from  the  large  percentage 
of  water  contained  in  it,  after  which  it  is  scraped  from  the  bed  and 
composted.  If  the  entire  sewage  is  allowed  to  run  upon  the  main 
beds  the  crude,  insoluble  organic  matters  are  strained  out  upon  the 
surface  of  the  beds,  and,  accumulating,  need  to  be  disturbed  fre- 
quently or  scraped  from  the  surface.  If,  on  the  other  hand,  the 
sewage  is  stale  and  has  undergone  comparatively  long-continued 
mechanical,  chemical  and  bacterial  actions,  not  only  is  the  crude 
organic  matter  more  finely  divided  and  hence  more  readily  enters  the 
interstices  of  the  filtering  material  as  stated  in  the  last  report  of  the 
Board,  but  the  sewage  has  actually  lost  crude  organic  matter  both  by 
the  change  of  organic  nitrogen  into  free  ammonia  and  also  by  the  re- 
duction of  the  organic  matters,  measured  by  the  oxygen  consumed,  on 
account  of  the  formation  and  liberation  of  gaseous  compounds  of 
carbon.  For  example,  the  table  given  on  page  461  of  the  report 
of  the  Board  for  1894  shows  that  when  a  bottle  of  fresh  sewage 
was  allowed  to  stand  for  twenty-four  hours  the  organic  nitrogen 
(Kjeldahl)  decreased  51  per  cent,  and  the  oxygen  consumed  25  per 
cent.,  while  the  free  ammonia  increased  over  100  per  cent. 

To  illustrate  the  dificrenoe  in  the  disposal  of  fresh  and  stale  sew- 
age two  small  tube  filters  containing  equal  depths  of  the  same  grade 
of  sand  were  put  in  operation  in  May.  To  one  of  these  filters  sew- 
age taken  directly  from  the  city  sewer  and  brought  immediately  to 
the  station  has  been  applied,  while  the  other  has  received  the  sewage 
pumped  at  the  station. 
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The  average  monthly  analyses  of  the  two  sewages  is  given  in  the 


following  table :  — 


[Part!  per  100,000.] 


Month. 


Free 
AmmouU. 


Omnlo 

Nitmgen 

(^eldabl)- 


ToUl 
Nltrugen. 


Oxvfir«n 
Coumitued. 


Stale  Mwage, 
Freeh  eewage, 

Stale  eewage, 
Freeh  eewage, 

Stale  eewage, 
Freeh  eewage, 

Stale  eewage, 
Fresh  eewage. 

Stale  eewage, 
Freeh  eewage, 

Stale  eewage, 
Fresh  sewage. 


May, 


>  Jane, 


July, 


Aaguet,    •       • 


{ September, 


>  October,  . 


A 


4.01 

1.12 

4.62 

2.08 

2.80 

8.78 

8.94 

0.08 

4.18 

3.28 

2.68 

4.46 

8.88 

0.88 

4.02 

2.60 

2.49 

4.64 

8.56 

0.78 

8.44 

2.24 

2.88 

4.20 

8.78 

1.02 

4.10 

2.10 

2.49 

4.21 

4.20 

1.66 

4.99 

2.20 

2.98 

4.76 

8.12 
6.20 

2.46 
8.20 

2.66 
8.73 

2.23 
8.96 

2.48 
8.66 

8.84 
7.20 


Average  of  stale  sewage, 
Average  of  freeh  sewage, 


2.80 
8.68 


The  following  tables  give  the  monthly  analyses  of  the  effluents  of 
these  two  filters.     Filter  F  received  the  stale  and  Filter  H  the  fresh 


sewage. 


Effluent  of  Filler  F. 

[ParU  per  100,000.] 


May, 
June, 
July, 
Aagust,    . 
September, 
October,  . 
Average, 


Month. 


Ammokia. 


Free. 


Albuminoid. 


.7137 
.1067 
.0360 
.0130 
.0090 
.0108 


1482 


.0616 
.0388 
.0204 
.0176 
.0220 
.0286 


.0305 


1 

1 

Nitrates. 

Nitrites. 

1.0600 

.0620 

1.4444 

.0166 

1.6710 

.0016 

1.0260 

.0009 

1.9900 

.0008 

1.6410 

.0007 

1.6030 

.0137 

Total 
Nitrogen. 


1.7080 
1.6030 
1.6356 
1.9634 
2.0342 
1.6978 
1.7889 
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Effluent  of  Filler  H. 

[  Part*  per  100,000.] 


Month. 


Ammovu. 


Free.       Albaminold 


NltrmtM. 

I 


May,        . 
Jane, 
Joly, 
Aaguat,   . 
Beptember, 
October,  . 
Arerage, 


.2160 
.0297 
.0145 
.0104 
.0105 
.0284 


.0344 
.0275 
.0205 
.0272 
.0250 
.0288 


.0510 


.0272 


0.8710 
1.4040 
1.4140 
1.32M 

■    1.7272 

I 

1.8720 


1.3358 


Nitrites. 


.0090 
.0074 
.0007 
.0003 
.0002 
.0013 


.0031 


Tomi 
Niirotf«ii. 


1.1035 
1.4808 
1.4801 
1.3700 
1.7770 
1.4438 


1.4392 


Comparing  these  tables  of  sewages  and  effluents  it  will  be  seen 
that  the  total  nitrogen  applied  to  these  filters  was  nearly  equal  in  both 
cases,  but  that  42  per  cent,  of  the  nitrogen  applied  to  Filter  F  was 
found  in  the  effluent  of  that  filter,  while  the  efiluent  of  Filter  H  con- 
tained only  33  per  cent,  of  the  nitrogen  applied.  These  figures  are 
of  the  nitrogen  in  the  iorms  given  in  the  table,  but  the  fresh  sewage 
applied  to  Filter  H  invariably  contained  nitrogen  as  nitrates ;  these 
nitrates  averaged  .15  part  per  100,000,  and  this  added  to  the  aver- 
age total  nitrogen  given  makes  this  average  4.50  parts  per  100,000, 
and  the  percentage  of  nitrogen  found  in  the  effluent  32. 

An  examination  of  the  sand  of  each  filter  at  the  close  of  the  experi- 
ment showed  that  the  sand  of  Filter  F,  which  received  the  stale  sew- 
age, contained  about  12  per  cent,  of  the  applied  nitrogen,  and  the 
sand  of  Filter  H,  which  received  the  fresh  sewage,  contained  26  per 
cent,  of  the  applied  nitrogen. 

The  upper  3  inches  of  sand  in  Filter  F  contained  38  parts  per 
100,000  by  weight  of  nitrogen,  and  the  similar  sand  of  Filter  H,  78 
parts  per  100,000. 

These  two  filters  were  both  operated  at  a  high  rate,  considering 
the  strength  of  the  sewage  applied,  but  Filter  F,  receiving  a  sewage 
having  75  per  cent,  of  its  nitrogen  in  the  form  of  free  ammonia,  dis- 
posed of  it  more  readily  than  Filter  H,  receiving  sewage  containing 
42  per  cent,  of  its  nitrogen  in  the  form  of  free  ammonia. 
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Permanency  of  Sewage  Filters. 

There  are  now  in  operation  at  the  station  six  filters,  ^^^  of  an  acre 
in  area  and  containing  different  grades  of  filtering  material,  which 
have  been  in  operation  for  periods  varying  from  five  to  nine  years. 
The  actual  number  of  gallons  of  sewage  applied  to  these  filters  from 
their  date  of  construction  up  to  Jan.  1,  1897,  is  given  in  the  follow- 
ing table :  — 


Filth  Numbkr. 

Date  when  Sewage  was  Flnt 
Applied. 

Actual  Number 

of  Oalloni 

Applied. 

Gallon!  per    ' 
Acre. 

1 

2 

4, 

6A 

6, 

»A 

Jan.    10,1888 

Dec.    19, 1887 

Dec.    19,1887,        .        .        .        . 

Sept.  14, 1891 

Jan.    12,  1888 

Nov.  18, 1890 

1,166,845 
557,268 
892,685 
603,770 
753,249 
762,082 

233.269,000 
111,458,600 
78.537,000 
138,754,000 
150.649,800 
152,416.400 

Filters  Nos.  1,  6  and  9  A  contain  material  with  an  effective  size  of 
0.48,  0.35  and  0.17  millimeter  respectively,  and  with  these  three 
filters  the  entire  depth  of  material  above  their  underdrains  is  of  one 
kind.  The  material  in  filters  Xos.  1  and  9  A  is  very  uniform,  while 
the  material  in  Filter  No.  6  varies  from  gravel  to  sand.  These  three 
filters  on  Jan.  1,  1892,  after  four  years'  operation  of  Nos.  1  and  6 
and  one  year  of  No.  9  A,  had  had  applied  to  them  and  had  stored 
the  following  amounts  of  nitrogen  :  — 


Nitrogen  in  Pounds, 


Applied. 

Stored. 

104.5 

16.0 

66.0 

11.8 

38.5 

8.4 

Filter  No.  1,  . 
Filter  No.  6,  . 
Filter  No.  9  A, 


On  Jan.  1,  1897,  these  three  filters,  after  nine  years'  operation  of 
Nos.  1  and  6  and  five  years'  operation  of  No.  9  A,  had  had  applied 
to  them  and  contained  the  following  amounts  of  nitrogen :  — 
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Nitrogen  in  Pounds, 


Applied. 


Filter  No.  1,  . 
Filter  No.  6,  . 
FUter  No.  9  A, 


Btored. 


17.0 
22.0 
17.0 


Between  January,  1892,  and  January,  1897,  9  inches  of  sand 
were  removed  from  the  surface  of  Filter  No.  1,  5  inches  in  June, 

1892,  containing  8.73  pounds  of  nitrogen,  and  4  inches  in  May, 

1893,  containing  10.50  pounds.  The  amount  of  nitrogen  stored  in 
this  filter  between  January,  1892,  and  May,  1893,  increased  so 
rapidly  that  after  this  removal  of  19.23  pounds,  3  pounds  more  than 
the  entire  amount  of  nitrogen  stored  in  the  filter  upon  Jan.  1,  1892, 
the  filter  still  contained  10  pounds  of  nitrogen.  At  the  end  of  1896, 
however,  three  and  one-half  years  after  this  last  removal  of  clogged 
sand,  no  more  nitrogen  was  stored  in  the  lower  54  inches  of  sand  of 
the  filter  than  in  May,  1893,  and  the  upper  9  inches  of  the  filter,  the 
new  material  added  in  May,  1893,  contained  a  little  less  nitrogen 
than  it  did  one  year  after  being  placed  in  the  filter. 

Filter  No.  6  stored  nitrogen  quite  steadily,  and  in  May,  1892,  2 
inches  of  sand  containing  2.7  pounds,  and  in  September,  1893,  2 
inches  containing  about  3.8  pounds  of  nitrogen  were  removed  from 
the  surface  of  the  filter.  Four  inches  of  clean  sand  were  added  to 
the  filter  to  take  the  place  of  that  removed,  but  within  a  year  the 
stored  nitrogen  had  increased  to  about  the  amount  now  present  in 
the  filter. 

Filter  No.  9  A,  during  a  portion  of  1892  and  1893,  was  used  for 
experimental  purposes  to  show  the  effect  of  repeated  scraping  of  the 
surface  when  clogged  instead  of  the  weekly  raking  given  the  other 
filters.  On  March  14,  1893,  it  was  filled  to  its  original  depth,  and 
during  the  past  two  years  the  amount  of  stored  nitrogen  present  has 
varied  but  not  increased,  an  examination  at  the  end  of  1896,  showing 
the  same  amount  as  in  March,  1895. 

Since  1893  there  has  been  no  removal  of  filtering  material  from 
any  of  these  large  experimental  filters,  and  the  removal  or  destruc- 
tion of  the  large  amount  of  organic  matters  of  the  sewage  has  been 
accomplished  without  impairing  the  action  or  shortening  the  life  of 
the  filter.     That  is  to  say,  this  organic  matter  has  either  passed  from 
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the  filters  into  the  air  in  gaseous  forms  of  carbon  and  nitrogen  or  has 
united  with  a  base  and  passed  away  in  the  effluent  in  the  form  of 
mineral  salts  in  solution. 

Experiments  upon  Storage  and  Loss  of  Nitrogen. 

It  was  found  in  the  beginning  of  these  investigations  that  a  vary- 
ing proportion  of  the  nitrogen  applied  to  the  filters  was  not  stored 
in  the  filtering  materials,  neither  did  it  pass  away  in  the  effluent. 
Quite  a  large  number  of  examinations  of  filtering  material^,  which 
had  been  in  use  in  thcj  filters,  for  the  determination  of  the  nitrogen 
present,  together  with  determinations  of  the  nitrogen  applied,  and 
coming  away  in  the  effluent,  indicated  that  30  per  cent,  of  the 
applied  nitrogen  was  unaccounted  for.  Therefore  30  per  cent,  of 
the  nitrogen  was  considered  to  have  passed  into  the  air  in  gaseous 
forms. 

Tables  were  given  in  the  reports  of  1893  and  1894  to  show  the 
storage  or  loss  of  nitrogen  by  the  different  filters,  and  in  making  the 
calculations  for  the  figures  presented  in  the  tables  this  30  per  cent, 
factor  was  used ;  that  is  to  say,  to  the  total  nitrogen  found  in  the 
effluent  of  each  filter  30  per  cent,  was  added  and  this  sum  compared 
with  the  total  nitrogen  in  the  applied  sewage.  These  tables  were  of 
value  and  gave  an  approximation  of  the  actual  storage  or  loss  of 
nitrogen.  As  this  30  per  cent,  factor,  however,  was  determined  by 
examining  small  samples  of  sand  taken  from  the  large  amount  in  the 
filters,  further  investigations  in  regard  to  storage  and  loss  of  nitro- 
gen have  been  made.  Another  reason  for  investigation  was  the  fact 
that  these  tables  showed  a  great  storage  of  nitrogen  in  some  of  the 
filters  of  fine  material  which  continued  in  efficient  service. 

For  this  experiment  three  small  tube  filters  were  started,  each 
filled  with  sand  of  a  different  effective  size,  the  total  amount  of  sand 
used  in  each  filter  being  so  small  that  it  could  all  be  mixed  in  a  pail 
and  representative  samples  obtained.  These  filters  were  operated 
for  six  months  and  nitrification  was  active  in  each  of  them.  An 
average  sample  of  all  sewage  applied  was  collected  and  analyzed,  the 
organic  nitrogen  being  determined  by  the  Kjeldahl  process ;  the  en- 
tire effluent  of  each  filter  was  collected  and  analyzed,  and  at  the  end 
of  the  experiment  the  entire  body  of  sand  in  each  filter  was  examined 
for  nitrogen  present. 

These  three  filters  were  known  as  E,  F  and  G.  E  was  of  sand 
of  an  effective  size  of  0.04  millimeter,  F  of  sand  of  an  effective  size 
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of  0.17  millimeter,  and  G  of  sand  of  an  effective  size  of  0.48  milli- 
meter. Filter  E  received  sewage  at  the  rate  of  25,000  gallons  per 
acre  daily  and  filters  F  and  G  at  the  rate  of  50,000  gallons  per  acre 
daily. 

The  average  total  nitrogen  in  the  sewage  used  is  shown  by  the  fol- 
lowing table.  The  total  nitrogen  is  the  organic  nitrogen,  determined 
by  the  Kjeldahl  process,  plus  the  nitrogen  of  the  free  ammonia. 

Average  Total  Nitrogen  in  Sewage  applied  to  Filters  Ej  F  and  G. 

[Part*  per  100,000.] 


May, 
June, 
July, 


4.41 
4.26 


4.03 


August, 8.64 

September, 4.10 

October, 6.00 

The  following  tables  show  the  monthly  averages  of  the  analyses 
of  the  effluents  of  filters  E,  F  and  G  :  — 


Monthly  Averages  of  Analyses  of  Effluent  of  Filter  E. 

[Part*  per  100,000.] 


AMMOrflA. 

1 

1                NlTBOOKK  AS 

DATS  - 1996. 

1 
Free.        Albamlnold. 

1 

Nitrates. 

Kitritea. 

Total 
'  KitroKen. 

May 

1.1700 

.1566 
.1013 
.0351 
.0644 
.07-'& 
.0444 

1.5119 
0.1321 
0.1846 
0.3008 
1.1703 
1.4770 

.0127 
.0054 
.0034 
.00-J9 
.0U27 
.0012 

S.75 

June,    ........ 

l.Olll 

1.05 

July 

0.0411 

0.29 

AUKUBt, 

0.2A80 

0.7S 

September 

October, 

•  .37(K) 
0.2128 

1.59 
1.72 

Average, 

0.5122 

.0791 

0.8126 

.0047 

1.37 

Monthly  Averages  of  Analyses  of  Effluent  of  Filter  F. 

[ParU  per  100,000.] 


Ammoxia. 

Nitrogen  as 

1 

DATK-1S96. 

1 
Free.       ;  Albuminoid. 

1 

Nitrates. 

1 

I 
Nitrites. 

Total 
Nitrogen. 

May 

.713« 

.0615 
.0333 
.0204 
.0176 
.0220 
.0284 

1.0460 
1.4478 
1.5710 
1.7246 
1.9895 
1.6410 

.0620 
.0165 
.0015 
.0009 
.0004 
.0007 

1.79 

June.     ........ 

.1067 

1.61 

Jnlv.     ........ 

.03S4 

1.64 

AuiruAt, 

.0108 

1.76 

Septpraber, 

October, 

.0090 
.0108 

2.03 
1.78 

Average, 

.1483 

.0305      , 

1 

1.5700 

.0137 

1.93 
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Monthly  Averages  of  Analyses  of  Effluent  of  Filler  O. 

[Parts  per  100,000.] 


Date  — 1896. 


May,     .        . 
June,    . 
July,     . 
August, 
September, . 
October, 
Average, 


Ammonia. 


Free. 


1.1725 
0.0103 
0.0158 
0.0132 
0.0145 
0.0096 


0.2075 


AlbomlDoid. 


.2800 
.0822 
.0478 
.0384 
.0406 
.0368 


.0876 


NiTROGEK  AS 


Nitrates. 


1.6177 
1.6860 
1.6076 
1.3634 
1.6180 
1.6140 


1.5403 


NItntes. 


.1871 
.0026 
.0017 
.0021 
.0016 
.0009 


.0327 


Total 
Nltrugen. 


8.12 
1.74 
1.60 
1.43 
1.70 
1.68 


1.89 


Of  the  nitrogen  applied  to  E,  33  per  cent,  appeared  in  the  effluent 
but  there  was  no  increase  in  the  amount  of  nitrogen  stored  in  the 
sand,  thus  leaving  67  per  cent,  of  the  applied  nitrogen  unaccounted 
for. 

Of  the  nitrogen  applied  to  F,  46  per  cent,  appeared  in  the  effluent 
and  12  per  cent,  was  stored  in  the  sand,  leaving  42  per  cent,  unac- 
counted for. 

Of  the  nitrogen  applied  to  G,  44  per  cent,  was  found  in  the  effluent 
but  there  was  no  increase  in  the  amount  of  nitrogen  stored  in  the  sand, 
thus  leaving  56  per  cent,  unaccounted  for. 

These  experiments  were  carried  on  during  the  warmest  six  months 
of  the  year,  and  the  disappearance  of  nitrogen  was,  of  course,  greater 
than  would  be  the  average  for  the  entire  year,  but  the  results  are  in- 
teresting and  point  towards  two  conclusions  :  First,  that  with  a  filter 
of  fine  sand  by  which  a  considerable  percentage  of  the  organic  mat- 
ters is  strained  out  and  held  near  the  surface,  a  larger  proportion 
of  nitrogen  passes  into  the  air  in  gaseous  forms  than  is  the  case  with 
a  filter  of  coarse  sand.  Second,  that  of  two  filters  of  comparatively 
coarse  sand  into  which  the  sewage  penetrates  easily,  the  one  in  which 
the  air  circulates  most  freely  will  store  the  least  nitrogen. 

Kemoval  of  Sludge  from  Sewage. 

Studies  of  different  methods  of  removing  sludfje  have  been  con- 
tinned  throughout  the  year,  as  follows :  — 

1.  Rapid  filtration  through  coarse  gravel  with  the  aid  of  a  cur- 
rent of  air  drawn  down  throu«rh  the  gravel. 
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2.  Rapid  filtration  through  coarse  gravel  with  the  aid  of  a  cur- 
rent of  air  forced  up  through  the  gravel. 

3.  Sedimentation. 

4.  Chemical  precipitation. 

5.  Straining  through  coke. 

Discussion  of  the  Several  Methods. 

Forced  Filtration  with  Aeration, 

The  gravel  filters  15  B  and  16  B,  receiving  sewage  at  a  very  high 
rate  in  gallons  per  acre  and  aerated  by  means  of  a  current  of  air 
drawn  down  through  them,  have  been  continued  in  operation.  These 
filters  were  first  put  in  operation  in  July,  1892,  and  since  the  first 
pail  of  1893  filtration  has  been  aided  by  the  air  current.  From  the 
time  the  aspirators  were  attached  to  the  filters  until  September,  1894, 
air  was  constantly  drawn  down  through  these  filters,  j^j.^TrTy  ^^  ^^  *^^® 
in  area,  at  the  rate  of  about  one  gallon  every  four  minutes.  On  the 
latter  date  the  method  of  aeration  was  changed  so  that  the  filters 
were  aerated  only  at  night  for  twelve  or  sixteen  hours.  Remarkable 
results  have  been  obtained  by  this  method  of  filtration  and  aeration, 
and  the  filters,  operating  at  average  rates  of  about  450,000  gallons 
per  acre  daily  during  1893,  1894  and  1895,  and  350,000  gallons  per 
acre  daily  during  1896,  have  shown  on  diflferent  years  a  removal  of 
organic  matter  of  the  applied  sewa<^e  varying  from  60  to  85  per  cent. 
A  large  proportion  of  this  removed  organic  matter  has  been  oxidized 
within  the  filter,  but  enough  has  accumulated  from  time  to  time 
in  the  filters  to  render  its  removal  necessary  if  the  filters  were  to 
be  continued  in  service.  This  removal  has  been  accomplished,  on 
several  occasions  during  1894  and  1895,  by  flushing  the  filters  out 
with  city  water  or  removing  the  entire  filtering  material  and  washing 
it.  Early  in  1896  the  filters  again  became  so  badly  clogged  by  the 
storage  of  organic  matter  that  it  was  necessary  to  remove  it.  Allow- 
ing the  filters  to  rest  and  increasing  the  air  supply  was  resorted  to, 
but  apparently  this  had  little  effect  upon  the  organic  matter,  for, 
upon  starting  filtration  of  sewage  again,  nitrification  could  not  be 
established.  As  an  experiment,  city  water  was  applied  at  a  low 
rate  for  a  few  days  and  the  filters  aerated.  In  this  medium  nitrifi- 
cation in  Filter  15  B  became  active,  and  the  stored  organic  matter 
was  nitrified  and  carried  away  in  the  effluent  in  such  an  amount  that 
the  filter  has  since  been  in  good  condition  and  successful  operation. 
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Filter  16  B,  however,  was  so  badly  clogged  that  the  filtering  mate- 
rial had  to  be  removed  and  washed. 

The  rate  of  filtration  has  been  lower  during  the  remainder  of  1896, 
in  order  to  avoid,  if  possible,  this  storage  of  organic  matters  in  the 
filters. 

Filtration  through  Ghravel  with  a  Current  of  Air  forced  up  through  the  OraveL 

Experiments  carried  on  during  1895,  upon  rapid  filtration  through 
gravel  and  coke  aided  by  a  current  of  air  forced  up  through  the 
filters  by  a  fan  blower,  were  described  in  the  report  for  that  year. 

One  result  of  this  experiment  was  to  prove  that  the  fan  blower 
could  not  force  air  through  the  clogged  surfaces  of  the  filters,  as  of 
course  was  necessary  if  the  air  in  the  main  body  of  the  filtering  ma- 
terial was  to  be  frequently  renewed. 

Early  in  1896  a  somewhat  similar  experiment  was  started.  A 
filter  containing  5  feet  in  depth  of  gravel  of  the  same  grade  as  in 
filters  15  B  and  16  B  was  constructed  and  the  air  supply  was  forced 
up  through  the  filter  by  means  of  a  pressure  pump.  This  pump  is 
run  by  electric  power  and  pumps  slightly  more  than  18  gallons  of 
air  per  minute,  as  determined  by  careful  measurements.  The  filter 
has  received  sewage  at  the  rate  of  352,000  gallons  per  acre  daily  in 
ten  equal  doses  between  7  a.m.  and  5  p.m.  It  has  been  aerated  be- 
tween each  application  of  sewage  for  fifteen  minutes,  making  a  total 
period  of  aeration  of  one  hundred  and  fifty  minutes  daily,  and  the 
total  quantity  of  air  pumped  into  the  filter  2,700  gallons  daily,  or 
three  and  one-half  times  the  entire  capacity  of  the  filter  tank  when 
empty  and  about  eight  times  the  air  capacity  or  open  space  of  the 
filtering  material  when  in  position. 

From  the  beginning  of  operation  of  the  filter  nitrification  has  been 
active  and  fully  equal  to  that  obtained  in  filters  Nos.  15  B  and  16  B, 
but  the  percentage  removal  of  organic  matter  has  not  been  equal  to 
that  obtained  by  these  filters.  This  is  owing  to  the  fact  that  the 
efiluents  of  15  B  and  16  B  pass  through  trapped  outlets  and  are 
better  strained,  while  Filter  No.  66  has  very  many  openings  or  out- 
lets for  its  effluent,  and  the  organic  matter,  not  nitrified  or  lost  into 
the  air,  passes  down  through  these  outlets  instead  of  being  strained 
out  and  stored,  as  is  the  case  in  15  B  and  16  B.  (For  details  of 
operation  of  Filter  No.  66  see  page  502.) 
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Further  Purification  of  the  Effluents  of  Filters  15  By  16  B  and  66. 

This  rapid  filtration  gives  at  best  but  partially  purified  effluents, 
and  the  rate  at  which  these  eflluents  can  he  further  purified  by  ordi- 
nary sand  filtnition  has  been  continuously  studied,  together  with  the 
preliminary  filtration.  Filter  No.  12  A,  containing  5  feet  in  depth 
of  sand  of  an  effective  size  of  0.19  millimeter,  has  received  the 
combined  eftiuents  of  filters  Nos.  15  B  and  16  B  for  the  pa^t  five 
years.  The  highest  average  rate,  in  gallons  per  acre  daily,  obtained 
by  this  filter  was  in  1893, — 745,000  gallons.  (See  table  and  discus- 
sion, page  482,  report  of  1895.)  Its  rate  during  189*5,  exclusive  of 
the  month  of  May,  when  it  was  resting,  has  been  478,000  gallons  per 
acre  daily  As  these  three  filters,  Nos.  12  A,  15  B  and  16  B,  are  of 
the  same  area,  the  rate  for  the  combined  area  has  been  160,000  gal- 
lons per  acre  daily.  The  eflluent  of  Filter  No.  12  A  has  l>een  of 
most  excellent  quality  (see  page  493).  The  eflluent  of  Filter  No. 
66  has  been  applied  to  Filter  No.  67,  containing  5  feet  in  depth  of 
sand  of  an  effective  size  of  0.19  millimeter.  The  average  nite  of 
filtration  obtained  by  this  filter  has  been  608,500  gallons  per  acre 
daily.  As  F'ilter  No.  66  is  of  twice  the  area  of  F'ilter  No.  67,  the 
rate  for  the  combined  area  has  been  203,000  gallons  per  acre  daily. 
This  rate  has  been  maintained  with  diflSculty,  the  surface  of  No.  66 
needing  constant  attention  and  the  removal  of  a  large  amount  of 
clogged  sand.     (For  details  of  operation  see  page  502.) 

Sediment  aiion. 

For  several  years  the  supernatant  sew^age  obtained  by  allowing 
regular  sewage  to  stand  and  settle  for  a  definite  period  has  been  ap- 
plied to  a  sand  filter.  This  filter  is  known  as  Filter  No.  13  A  and 
in  1893  received  sewage  at  the  rate  of  416,000  gallons  per  acre 
daily.  This  rate  was  reduced  to  210,000  gallons  per  acre  daily  in 
January,  1894,  and  on  July  1  of  the  same  year  to  160,000  gallons 
per  acre  daily,  at  which  rate  the  filter  has  since  been  operated. 

The  sewage  applied  to  this  filter  at  the  present  time  is  fully  as 
strong  in  units  of  unoxidized  nitrogen  as  was  the  regular  sewage 
during  the  first  years  of  operation  of  the  station. 

The  effluent  of  the  filter  has  been  of  a  satisfactory  quality,  but  the 
nitrogen  stored  in  the  filtering  material  is  increasing.  (For  details 
of  operation  of  Filter  No.  13  A  see  page  495.) 
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Cliemiccd  Precipitation. 

Since  January,  1893,  the  supernatant  sewage  from  regular  sewape 
which  has  been  allowed  to  settle  for  four  hours  after  treatment  with 
crude  alum,  at  the  rate  of  1,000  pounds  per  million  gallons,  has 
been  ap[)lied  to  a  sand  filter.  This  filter  contains  5  feet  in  depth  of 
sand  of  an  effective  size  of  0.17  millimeter.  During  1893  the  aver- 
age rate  of  filtration  was  267,000  gallons  per  acre  daily,  with  a  max- 
imum rate  of  640,000  gallons  during  November.  This  rate  was 
reduced  on  Jan.  1, 1894,  to  360,000  gallons  per  acre  daily,  and  upon 
July  1  of  the  same  year  to  200,000  gallons  per  acre  daily,  at  which 
rate  the  filter  has  since  been  operated. 

The  quality  of  the  effluent  of  this  filter  has  been  almost  uniformly 
satisfactory,  but  the  stored  nitrogen  of  the  filter  is  slowly  increasing. 
(For  details  of  operation  of  Filter  No.  19  during  1896  see  page  497.) 

Strainivg  ihrovgh  Coke. 

Since  June  1,  1894,  sewage  which  has  passed  through  a  thin  layer 
of  coke  breeze  has  been  applied  to  a  sand  filter  containing  5  feet  in 
depth  of  sand  of  an  effective  size  of  0.19  millimeter.  During  1894 
the  rate  of  application  was  345,000,  during  1895  307,000,  and  dur- 
ing 1896  280,000,  gallons  per  acre  daily. 

The  effluent  of  the  filter  has  been  of  a  satisfactory  quality,  but  the 
nitrogen  stored  in  the  filter  is  gradually  increasing.  (For  details 
of  operation  of  Filter  No.  14  A  during  1896  see  page  496.) 

Conclusions. 

The  chief  benefit  derived  from  the  method  of  rapid  filtration  and 
aeration  is  the  destruction  of  a  considerable  percentage  of  the  crude 
organic  matter  or  sludge  contained  in  the  sewage.  By  sedimenta- 
tion or  chemical  precipitation  we  only  concentrate  this  sludge  in  a 
small  volume  of  the  sewage.  It  is  true,  however,  that  we  do  not  by 
the  amount  of  aeration  given  our  coarse  filters  destroy  all  the  crude 
organic  matter  of  the  sewage,  as  some  comes  away  in  the  effluent 
and  some  remains  stored  in  the  filters.  With  more  aeration  a  larger 
proportion  of  this  organic  matter  would  be  oxidized,  but  not  an 
amount  proportional  to  the  increased  aeration.  The  results  ob- 
tained here  and  elsewhere  with  this  method  have  been  remarkable, 
but  its  practical  operation  depends  upon  obtaining  the  high  efficiency 
of  the  coarse  filters  at  a  reasonably  low  cost  for  the  power  used  to 
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supply  the  nir  current,  and  our  experiments  have  tended  to  show 
that  thia  cimt  is  prohibitive.  Our  lieat  results  with  this  method  guve 
&  quantitative  efficiency  of  248,000  gallons  per  acre  daily  as  calcu- 
lated upon  the  total  area  of  gravel  and  Hand  filters.  (See  page  482, 
report  of  1895.)  This  was  with  newly  constructed  filters  and  a 
sewage  not  as  strong  as  that  which  is  now  pumped  at  the  station. 
This  rate  U  no  greater  than  that  at  which  newly  cuaatructed  filters, 
receiving  the  supernatant  sewage  from  sedimentation  or  chemical 
precipitation,  can  be  operated,  and  it  is  reasonably  certain  that  the 
sludge  resulting  from  these  methods  can  be  taken  cure  of  more  cheaply 
than  it  fan  be  oxidized  or  burnt  up  in  the  aerated  gravel  filters. 
When  coke  breeze  can  be  obtained  and  the  sewage  given  a  prelim- 
inary treatment  befora  sand  filtration  by  being  passed  through  this 
breeze  at  a  high  rate  in  gallons  per  acre  daily,  the  organic  matters 
of  the  sewage  can  be  removed  from  the  entire  body  of  the  sewage 
as  completely  as  chemical  precipitation  removes  them  from  the  main 
body  of  the  sewage.  There  is  no  resulting  sludge  liquor  from  this 
coke-straining  process,  and  the  clogijed  coke  can  be  rem^ived  from 
time  to  time  and  burned,  the  sludge  being,  of  course,  held  by  it  and 
burned  with  it. 

Yearly  Averaqgs. 
The  eight  following  tables  present  the  average  analyses  of  <<  regu- 
lar" sewage  for  eacb  year  of  operation  of  the  station,  together  with 
the  average  yearly  analysis  of  the  effluent  of  each  of  the  large  filters 
j^Q  of  an  acre  in  area,  during  their  entire  period  of  operation  up  to 
Jan.  1,  18»7.. 
CompartMn  by  Years  of  Iht  Compotition  of  "  Regular"  Sewage  obtained  at  Ae 

Experivitnt  Station,  vnth  the  Average   QuatUUiea  putnped  and  the  Local 

Annual  Rainfall. 

(ParU  par  100,000.] 
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Yearly  Averages  of  Analyiei  of  Effluent  of  FiUer  No.  6. 

[PliU  pw  lOO.OM.] 
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Tearlt/  Averages  ofAnalyaet  ofEfflMtU  of  Filter  No.  9  A. 

[PuU  per  100,000.] 
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Tearty  Averages  of  Analgtet  of  Effluent  of  Filter  No.  10. 

tr«t.  per  100,000.1 
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Ashes  or  Cinders  as  Filtering  Materials. 

Townrda  the  close  of  the  year  two  filters  were  put  Ed  operatioo, 
one  contaioiog  4.5  feet  in  depth  of  coal  asbes  and  the  other  coDtaio. 
iog  the  same  depth  of  cinderfi ;  that  is,  coal  ashes  from  which  the 
finer  material  baa  been  removed.  Cinder  filters  are  in  use  in  tnaoj 
places  in  England  for  rapid  filtration  of  sewage  and  are  known  as 
"roughing"  filters,  and  the  material  is  valuable  for  filtration  pur- 
poses wherever  land  of  a  suitable  character  cannot  be  found,  or  for 
preliminary  filtratiun  before  disposal  upon  land ;  but  the  first  sys- 
tematic experiment  in  this  country  upon  their  use  for  the  complete 
purification  of  sewage  by  intormitteat  filtration  was  made  by  Prof. 
Cbaa.  MacMillan  of  Princeton  University,  to  whom  we  are  indebted 
for  the  suggestion. 

The  two  filters  at  the  station  are  known  as  filters  Nos.  80  and  81. 
Filter  No.  80  is  of  ashes  and  receives  sewage  at  the  rate  of  70,000 
gallons  per  acre  daily.  The  effluent  of  the  filter  has  been  clear  and 
bright  from  the  beginning  of  the  experiment,  but  nitrification  did  not 
begin  until  after  the  close  of  the  year.  Filter  No.  81  is  of  cinders 
and  has  received  sewage  at  the  rate  of  550,000  gallons  per  acre  daily. 
(For  details  see  page  504.) 

AvERAQB  Purification  of  Lawrence  Sewage  by  the  Several 
Filters  in  1896. 
The  following  table  gives  the  overage  results  obtained  by  the 
filters  receiving  Lawrence  sewage  during  1896.  The  qualitative 
efficiency  of  the  filters  is  shown  by  the  percentage  removal  of  or- 
ganic matters  of  the  applied  sewage  as  indicated  by  the  albuminoid 
ammonia  and  oxygen  consumed. 
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TVOBK  OP  THE  FlLTBBS   FOR   1896. 

Filters  Kob.  1  to  10,  inclusive,  are  eacb  one  two-huodredth  of  in 
Rcre  ID  area  and  are  out  of  doors ;  filters  Nob.  12  to  31  A,  inclusive, 
are  one  twenty-thousaDdtb  of  an  acre  iu  area  and  within  the  bnild- 
ingB ;  Filter  No.  59  is  one  ten-thousandth  of  an  acre  in  area,  Filter 
No.  66,  one  three-tliousaDdtli  of  an  acre  in  area,  and  Filter  No.  67, 
one  six-thousandth  of  an  acre  in  area.  These  three  filtere  are  also 
vithin  the  buildings. 

Filler  No.  1. 

This  filter,  containing  60  inches  in  depth  of  cosTse  sand  of  an  effec- 
tive size  of  0.48  millimeter,  was  in  good  condition  at  the  beginning  of 
the  year  and  nitrification  was  active.  On  Nov.  15, 1895,  the  filter  was 
covered  with  canvas  stretched  over  a  frame  and  this  cover  was  re- 
moved on  March  12.  The  surface  was  spaded  over  6  inches  deep  on 
April  6  and  again  on  October  23.  During  the  last  week  of  October 
following  this  last  spading  no  sewage  was  applied  to  the  filter. 

The  physical  condition  of  the  filter  was  excellent  throughout  the 
year,  the  applied  sewage  passed  readily  from  the  Burface  and  the 
character  of  the  effluent  was  satisfactory,  as  shown  by  the  following 
table,  giving  the  monthly  averages  of  the  weekly  analyses :  — 

Efflueta  ofFiUer  No.  2. 

[Pirla  pw  lOD.OOO.] 
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FILTRATION  OF  SEWAGE. 


FUter  No.  2. 

This  filter  cootaiDS  60  ioches  in  depth  of  fioe  aand  of  an  effective 
size  of  0.08  millimeter,  with  two  trenches,  1  foot  wide  aod  3  feet 
deep,  of  medium  fiae  sand  of  aa  effective  size  of  0.19  millimeter. 
It  has  been  in  good  condition  throughout  the  year  and  has  given  a 
clear,  bright,  well-purified  effluent. 

The  following  table  gives  the  monthly  averages  of  the  analyses  of 
the  effluent,  and  the  notes  below  give  the  management  of  the  filter 
during  the  year ;  — 

EffluttU  of  Filler  No.  2. 

[ParUparlOD.OW.] 
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Filter  No.  4. 
This  filter  contains  60  inches  in  depth  of  fine'  river  silt  of  an  effec- 
tive size  of  0.04  millimeter,  with  two  circular  trenches,  about  14 
inches  wide  and  12  inches  deep,  of  coarse  sand  of  an  effective  size 
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of  0.48  milliineter.  The  surface  level  of  the  trenches  is  a  few  inches 
lower  than  the  surface  of  the  remainder  of  the  filter  and  uik>d  it 
the  sewage  is  applied.  The  filter  b&s  been  in  good  condition  through- 
out the  year,  has  taken  the  applied  sewage  readily  and  given  a  clear, 
bright  and  nell-purified  effluent.  During  the  summer  the  aurface, 
with  the  exception  of  the  trenches,  was  covered  with  a  heavy  growth 
of  coarse  grass ;  this  was  cut  during  August  and  the  dry  weight  was 
at  the  rate  of  three  tons  of  hay  per  acre. 

The  following  table  gives  the  monthly  averages  of  the  analyses 
and  the  notes  below  the  management  of  the  filter  during  the  year :  — 


Effiueta  of  FiUer  No.  4. 
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Filler  2fb.  SA. 

Tbis  filter,  of  fine  gravel  stones  of  aa  effective  size  of  1.40  milli- 
meters,  baa  been  io  good  condition  and  taken  the  applied  sewage 
readily  tbronghout  the  year.  While  the  effluent  is  not  equal  in 
quality  to  effluents  from  the  filters  of  finer  material,  yet  it  has  con- 
tained on  an  average  only  20  per  cent,  of  the  organic  matter  of  the 
applied  sewage. 

The  monthly  averages  of  the  analyses  of  the  effluent  are  given  in 
the  following  table  and  notes  in  regard  to  the  operation  of  the  filter 
ere  presented  below:  — 

Effiueta  of  FiUtr  No.  S  A. 

[Put*  par  100.0011.] 
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FOter  JVo.  6. 

Thia  filter  cootaios  44  inches  in  depth  of  mixed  coarse  and  fine  sand 

of  an  effective  size  of  0.35  millimeter.     It,  has  beea  kept  io  good 

physical  condilioo  throughout  the  year,  tias  disposed  of  the  applied 

sewage  readily  and  has  given  ud  effiueut  of  a  antisfuctoiy  quality. 

The  following  table  presents  the  rate  of  filtration,  the  monthly 
averages  of  the  analyses  of  the  effluent  and  the  notes  below  give  the 
details  of  operation  ;  — 

Effluent  of  Filter  No.  6. 
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Filler  JV^o.  9  A. 
This  Slier  contains  5  feet  in  depth  of  sand  of  an  effective -size  of 
0.17  millimeter.  It  has  been  in  good  condition  throughout  the  year, 
has  taken  the  applied  sewage  readily  and  has  given  an  effluent  of  a 
satisfactory  quality.  The  average  rate  of  filtration  has  been  56,300 
gallons  per  acre  daily. 
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The  following  table  gives  the  monthly  averages  of  the  analyseB 
and  the  notes  below  give  the  detaild  of  operation  for  the  year :  —  ' 

Effluent  of  FiUer  Ko.  9  A. 

[Purtt  p«r  IW.OM.] 
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i^j'/ier  JSTo.  10. 
Thia  filter  la  one  two-hundredth  uf  an  acre  in  area  and  contains  5 
feel  in  depth  of  mixed  coarse  and  fine  sand  of  an  effective  size  of 
0.35  millimeter.  No  gravel  underdrains  are  beneath  the  sand  ex- 
cept directly  above  and  around  the  outlet  pipe.  A  partition,  extend- 
ing .3  feet  betow  the  surface,  separates  the  quarter  of  the  surface 
farthest  from  the  underdrains  from  the  remainder  of  the  surfHce. 
To  thid  quarter  of  the  surface  the  sewage  bus  been  applied  during 
1896  at  a  rate  of  120,000  gallons  per  ncre  daily  for  this  quarter 
area,  or  30,000  for  the  entire  area  of  the  filler.  With  this  rate  and 
method  of  construction  and  operation  very  satisfactory  results  have 
been  obtained  during  the  entire  year. 
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Tbe  followiag  table  gives  tbe  moathly  averages  of  the  analyses 
and  tbe  notes  betow  state  the  detaiU  of  operation  of  the  filter :  — 


Effluent  of  FiUer  No.  10. 
[Pmn>p«i<n/K».j 
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Fillers  Nos.  22  A,  15  Band  16  B. 
Filter  No.  12  A  contains  60  inches  in  depth  of  sand  of  an  effective 
size  of  0.19  millimeter,  and  filters  Noa.  15  B  and  16  B  contain  65 
inches  in  depth  of  gravel  stones  of  an  effective  size  of  5.40  milli- 
meters.  Filter  No.  12  A  receives  as  much  of  the  effluents  of  filters 
15  B  and  16  B  aa  it  is  capable  of  disposing  of,  and,  during  ISttti,  ita 
average  rate  of  filtration  has  been  443,000  gallons  per  acre  daily, 
with  a  maximum  rate  of  676,000  gallons  in  June.  The  quantitative 
capacity  of  the  filter  decreased  during  the  first  four  months  of  the 
year.  On  April  9  the  surface  was  spaded  to  a  depth  of  8  inches  and 
during  the  greater  part  of  May  the  filter  was  allowed  to  rest.  Dur- 
ing the  following  five  months  it  was  capable  of  ivoeiving  Dearly  tbe 
entire  volume  of  the  eflluents  of  filters  Nos.  15  B  and  16  B.  Id  No- 
vemlwr  it  again  became  clogged  and  was  spaded  over  to  a  depth  of 
6  inches  four  times  between  November  14  and  December  2,  and  upoD 
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December  3  the  upper  foot  of  material  was  spaded  over  aad  thor- 
oughly mixed. 

Filters  Noa.  15B  and  16B  were  receiving  sewage  at  the  rate  of 
480,000  gnlloDS  per  acre  daily  daring  the  first  montba  of  the  year. 
At  this  rate  the  filters  became  clogged  and  were  allowed  to  rest  with 
continuous  aeration  from  May  1  to  11,  inclusive.  This  air  drawn 
through  the  filters  at  the  rate  of  one  gallon  every  four  minutes  im- 
proved the  condition  of  the  filters  but  slightly,  and,  beginning  May 
12,  city  water  was  applied  to  the  filters  in  twelve  applications  daily 
and  at  a  total  rate  of  120,000  gallons  daily,  the  filter  being  aerated 
for  eight  hours  each  night.  With  this  method  of  operation,  which 
was  continued  for  one  week,  the  nitrogen  stored  in  Filter  No.  15  B 
was  rapidly  nitrified  and  removed  as  nitrates  in  solution,  but  Filter 
No.  16  B  was  so  badly  clogged  that  finally  the  entire  filtering  mate- 
rial had  to  be  removed,  washed  and  replaced.  Since  June  1  the  fil- 
ters have  been  operated  at  an  average  rate  of  360,000  gallons  per  acre 
daily,  and  both  were  in  good  condition  at  the  end  of  the  year. 

The  following  tables  give  the  monthly  averages  of  the  analyses 
and  the  notes  below  the  details  of  operation  during  the  year:  — 

EfflMtU  of  FilUT  So.  12  A. 
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Effluent  of  Fater 
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[Pmtta  par  100.000. ] 


a'X 

Ta» 

a'"" 

"Ar...>..,c.. 

A-xonA. 

,™.. 

1 

^ 

""■ 

Oallrma 

1 

M.n"lM. 

1 

1 

i 

j 

1 

1 

1 

i 

1 
s 

l\ 

None. 

OeDld-d. 

Sapii-mbar.' 

0.«;i.«S0.1IM 

e.S3lj.M.OO«8J0.M 

^AV,™^^ 

"'■*" 

A« 

U  1   Nona. 

Dauldcd. 

O.BO  l.aftTS.SlOHl 

•■4H™'ii>-" 

status 

AprillD  AD. 


lO^Mt" 


™in(^  s"  f)  BTlLoor»vBmriwo  Mm*  a  >  w«k,  M™pl  ulm  No'S"i!er  l^w  l^wlia^ur 
to  real.    March  1  to  10.  aiparimaDt  Interrupted  by  fraahel.    Flliarwaa  aaplniad  slehl  hoara 


ily  wnil 


lataoDi.    UDdardralii 


nlBhi. 


uly   a 


r  was  ampUfd  and 


,     May  *>'.  filter  fldthed  ontirilh  BMr 
. . ^J^ 


No.  34.] 


FILTEATION  OF  SEWAGE. 


Filter  2ro.  13  A. 

This  filter  contains  60  iocbes  in  depth  of  medium  Gne  Band  of  aq 
effective  size  of  0.19  millimeter,  and  has  received  the  Bupernatant 
liquid  from  sewage  which  has  been  allowed  to  settle  for  four  hours. 
The  average  rate  of  filtration  dut-ing  1896  has  been  152,000  gallons 
per  avre  daily.  The  filter  has  been  in  good  condition  during  the 
jear,  hus  disposed  of  tbo  applied  sewage  readily  and  its  effluent  has 
been  of  a  satisfactory  quality. 

The  following  table  gives  the  monthly  averages  of  the  aDalysea 
and  the  notes  below  the  details  of  operation  of  the  filter :  — 


Effluent  of  FiUer  No.  13  A. 
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Filter  No.  14  A. 

This  filter  contatna  60  inches  in  depth  of  medium  fine  sand  of  an 
effective  ftizeof  0.19  millimeter,  and  has  received  fince  June  1,  1894, 
gewage  which  has  been  first  strained  through  a  shallow  layer  of  coke 
breeze.  The  average  rate  of  filtration  during  1896  has  been  280,000 
gallons  per  acre  daily.  This  rate  was  too  great,  considering  the 
strength  of  the  applied  sewage,  and  resulted  in  clogging  the  filter 
quite  seriously  towards  the  end  of  the  year.  From  December  8  to 
S8,  inclusive,  city  water  was  applied  at  the  rate  of  80,000  gallons 
per  acre  daily  and  considerable  of  the  stored  organic  matter  was 
removed. 

The  following  table  gives  the  monthly  averages  of  the  analyses 
and  the  notes  below  the  details  of  operation  of  the  filter :  — 


Effluent  of  Filler  No.  J 
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Filt^  Ifo.  19. 
This  filter  contains  60  inches  in  depth  of  medium  fine  sand  of  an 
effective  size  of  0.19  millimeter,  and  has  received  the  sopemstaot 
liquid  from  sewage  which  has  been  allowed  to  settle  for  four  boors 
after  treatment  with  sulphate  of  alumina  at  the  rate  of  1,000  poaods 
per  1,000,000  gallons.  The  filter  has  received  this  clarified  sewage 
at  an  average  rate  of  190,000  gallons  and  has  given  a  satisfactory 
efiluent. 

Effluent  of  Fitter  No.  19. 

[Pmru  per  lOO.OOO.J 


dT 

^^■ 

'"^C.*" 

ArPUU>». 

A...,,.. 

1 

s„^«.. 

i 

rr 

f 

1 

1 

1 

3 

i 

i 

1 

1 

'"■ 

1 

S 

^ij'- 

J.i,«ry.    . 

aoopooo 

tt 

43 

Z3«. 

No». 

.1« 

.Bsifi  |.oua 

>.TS 

.0388 

.33 

1.0U 

F.brT..ry, . 

vxfioo 

« 

43 

Wm. 

V.tllRht. 

.16 

.MMl.O™ 

1.61 

i.ts 

.oeiB 

.30 

2.303 

Ifiroh,       . 

I».MO 

u 

3* 

Mm. 

V.ilnbi. 

.IS 

.70JS   .0307 

fl.sa 

l.OJ 

.0M7 

.M 

1.610 

April.         . 

IT(,»00 

St 

4S 

Mm. 

NoDg. 

.u 

.533S  i.oa«> 

8.00 

3.2<^ 

.0678 

.23 

17« 

W.J.  .       . 

MOjuai 

M 

*1 

ISm. 

Ron.. 

.u 

.»W  j.OSM 

B.09 

S.30 

.0060 

.« 

30 

JOQI,  .          . 

Kn.700 

71 

U 

lOm. 

Nod*. 

.14 

.0035  I.OtB7 

lo.TB 

4.3II 

.0000 

.22 

43 

Jplj.    .           . 

193.  aw 

7T 

n 

13m. 

Hod*. 

.14 

.0541  ..OWI 

i&.so 

4. OS 

.OXW 

.2S 

38 

Anpul,      . 

200.000 

7T 

n 

llim. 

Hone. 

.13 

.(Moa  .<n3« 

e.9T 

4.30 

.0001 

.36 

61 

300.000 

M 

«7 

»m. 

Hon*. 

.13 

.((040    .0223 

lO.dfl 

S.S4 

.0000 

.21 

34 

Oclobir,     . 

ioo.000 

ii 

u 

nm. 

HODI. 

.13 

14.48 

3.37 

.0003 

.23 

81 

1M.DCI0 

U 

4g 

H0D>. 

.11 

-SOOO    .03B0 

s.an 

3.33 

.«na 

.36 

IM 

»o.ooo 

« 

w 

m. 

y..llghl. 

2- 

™'^ 

•■" 

i.ea 

.0348 

.aa 

3» 

A,or.«,, 

18..«00 

«o 

54 

Km. 

Noiis- 

5.1 

B«wig«  ■ppllod.  6  f 
allowed  lo  rail.    Uircb 


.  ID  10  ind  April  i; 
week.  Surfiu  •[ 
OTsmlwr  IT. 


flchea  de«p  ou  April  0. 


Filler  m.  21  A. 
This  filter  contains  60  inches  in  depth  of  fine  sitted  gravel  of  an 
effective  size  of  1.60  millimeters.  It  was  put  in  operation  March 
19,  1894,  and  since  July  7  of  the  same  year  has  had  a  current  of  air 
drawn  downward  through  it  at  the  rate  of  about  one  gallon  in  foar 
minutfls  and  for  daily  periods  varying  from  ten  to  sixteen  boars. 
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The  prescribed  rate  of  filtrntioo  has  been  360,000  gallons  per  acre 
daily,  and  during  1696  the  actual  rate  has  been  344,000  gallons  per 
acre  daily.  An  exceedingly  satisfactory  effluent  has  been  obtained, 
bat  the  filter  is  gradually  becoming  clogged  with  organic  matter, 
notwithstandiDg  the  aeration. 

The  following  table  gives  the  average  analyses  and  the  notes  be- 
low the  details  of  operation  of  the  filter  :  — 

Effluent  of  Filter  No.  21  A. 

[Pmru  par  lOO.OtO.] 
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Filter  M.  22  A. 
This  filter  contained  60  inches  of  fine  coke  breeze  above  the  usual 
gravel  underdrains  and  was  constructed  March  19,  1894.  From 
that  date  until  November,  1894,  it  received  sewage  at  the  rate  of 
240,000  gallons  per  acre  daily,  and  from  then  until  March,  1896, 
the  average  rate  of  filtration,  e.xcluding  periods  of  rest,  was  360,000 
gallons  per  acre  daily.     During  the  freshet  of  the  Merrimack  River 
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at  this  latter  dnte  the  filter  was  destroyed.  During  its  period  of 
operation  the  filter  almost  invariably  gave  an  effluent  containing 
considerable- free  ammonia  hut  low  in  organic  matter.  The  object 
of  the  experiment  was  to  operate  the  filter  at  as  high  a  rate  as  pos- 
sible and  obtain  a  satisfactory  effluent,  and  remove  clogged^  coke 
from  the  surface  of  the  filter  whenever  necessary  for  the  satisfactory 
working  of  the  filter.  During  the  experiment  coke  equivalent  to 
13.8  cubic  yards  per  million  gallons  of  sewage  61tered  was  removed 
and  when  dried  could  be  used  as  a  fuel. 


Effluent  ofFiUtr  No.  22  A. 

[I>iitip«rli»,M».] 
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/■iVtej-  JVb.  59. 
This  filter  was  one  ten-thousandth  of  an  acre  in  area  and  con- 
tained over  the  usuiil  underdrnins  60  inches  in  depth  of  gravel  stones 
of  an  efiective  size  of  2.50  millimeters.     Down  through  the  middle 
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of  ibe  filter  an  iron  pipe  1  ioch  in  diameter  was  passed  aad  this 
pipe  reached  to  withio  6  iachea  of  the  bottom  of  the  filter.  By 
means  of  this  pipe  aod  an  aspirator,  air  was  drawn  throagh  the  fitter. 
The  filter  was  put  in  operation  April  1,  ISdb,  and  sewage  was  applied 
to  it  at  the  rate  of  500,000  gallons  per  acre  daily  up  to  Feb.  11, 
1896.  The  results  for  1893  are  given  in  the  report  for  that  year. 
Upon  February  11,  wool-scouring  liquor  was  mixed  with  the  Law- 
rence sewage  in  such  proportion  that  one>fifth  the  volume  of  the 
dose  applied  was  wool  liquor.  The  rate  of  filtration  and  the  propor- 
tion of  wool  liquor  in  the  sewage  applied  was  reduced  from  time  to 
time  and  the  filter  aerated  for  eight  hours  each  night,  but  the  effluent 
of  the  filter  became  of  a  very  poor  quality,  the  wool  liquor  passing 
through  practically  without  change,  and  nitrification,  which  was 
active  in  the  filter  when  this  liquor  was  first  applied,  was  entirely 
destroyed. 

The  following  table  shows  the  rate  of  filtration  and  the  average 
analyses  and  the  notes  below  give  the  details  of  operation :  — 


Effluent  ofFiiUr  No.  59. 

[ParU  pw  lOO.OM.] 


s. 

[W 

T- 

ATFUUHCI- 

i...„.. 

1 

7.H 

,„™„ 

1 

1 

1 

1 

1 

I 

1 

1 

^^^ 
fc^ 
■w." 

I'l 

i 

MOpOW 

a 

4i 

Noo.. 

Or«l. 

.« 

o.easa'u.zua 

,.„].«„ 

l.W 

iM^ 

V.bn».j.. 

»76,K» 

*I 

44 

am. 

Or«l. 

.*: 

i.wwaa.ona 

:.« 

,.„|.».|..„ 

M»,OM 

Mweh,        . 

lOTpWO 

u 

42 

MOIIB. 

Or»l. 

I.SBTDS.OKM 

- 

a.M 

•«»' 

ds.sT 

1.0M.OW 

April, 

I4tl.ll» 

M 

M 

Non*. 

0«»l. 

i.Beooi.Mn 

O.M 

.«,. 

,..« 

T1BJK» 

M«.  .       ■ 

lU.IMO 

" 

M 

NDno. 

a«.t. 

B.^SCOi.lMK. 

».<» 

•■» 

L».„.„ 

Annia, 

i8i.aM 

JL 

41 

Im. 

Onmi. 

"L 

i.nsii.s.nu 

1!L 

' 

t 

l«.4»!  l.lBl,Ma 

B*»8e  .pplled,  M  s^loD*  d>l1y.  rii  dijri  >  week 

,Tiinuarr 

to  Pabf  uarr  1« ;  »«.^  appll«l  Id  tha 

fallDolDg  muiaBi :  lU  d»Hi  ot  i  mllsui  uch  ippLle 

in  Ik.  t»i 

BOOOB.  aid  .1.  do>«  of  4  lallaoa  aach  ta 

theaftrcDooii.    Fsbruiir  U  to  13,  1  gilloD  of  vool-a 

uoi  aad  4  galJodi  ot  ».*.«•  applUd  a* 

o(  wool- 

coarliTg  llquoi  In  faurdoaci  o(  )  gaJlon 

encbappJlKl  wUhr>gnlar«w>|fli  F.hruiry  11  ic  M> 

■  reduced  lo  IS  gallona  ol  aawai*  aad  1 

gilJoni-  of  wuol  Bcourini  liquor,  applied  In  Dins  doiv 

>n*c»ch:  M.rcb  II  W  Hayl«.doaa  la- 

ducod  ID  124  «a)l<u»  of  rcftolur  Hwage  and  1  Eallom  • 

wool-iec 

iliig  liquor,  appllsd  In  DlDadoaaa.    fll- 

Wt  ■•pinied  »l||hl  boon  .^ach  Qigfal.    March  1  to  ID, 

Intarruplsd  by  freataat.    MaRdilO,tfa« 

Borfacl 

ak«d  3  Iachea  deap  oa«  aaeh  waak. 

No.  34.] 


FILTRATION  OF  SEWAGE. 


Filter  No.  65. 

This  filter  contains,  over  the  usual  grsTel  UDcIerdraiDS,  60  iochea 
in  depth  of  coke  breeze,  and  was  put  in  operation  Jan.  4,  1896. 
The  sewage  applied  ie  that  which  has  just  heen  strained  through  a 
shallow  layer  of  coke  breeze  (see  page  479),  and  the  average  rate 
of  filtration  for  the  year  has  been  290,000  gallons  per  acre  daily. 
The  filter  has  disposed  of  the  applied  sewage  easily  and  its  effluent 
has  been  of  a  satisfactory  quality. 

The  following  table  shows  the  average  analyses  of  the  efiluent  and 
the  notes  below  give  the  details  of  operation  of  the  filter :  — • 


Effiuaa  of  FiUer  No.  65. 
[Paru  par  lOD.OW.] 
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Filters  Nos.  66  and  67. 

Filter  No.  66  is  one  three-tbousaDdth  of  an  acre  in  area  and  con- 
tains 60  incbes  in  depth  of  gravel  of  au  effective  size  of  5.10  milli- 
meters. Tbe  filter  bas  a  wooden  bottom  perforated  witb  many  boles, 
to  allow  tbe  escape  of  the  effluent  freely  without  collection  and  passage 
through  a  single  outlet,  as  is  the  case  with  tbe  other  filters.  At  tbe 
beginning  of  the  experiment  tbe  two  filters  were  connected  by  an  air- 
tight chamber  and  tbe  effluent  of  Filter  No.  66  passed  directly  upon 
tbe  surface  of  Filter  No.  67,  placed  below  Filter  No.  66. 

Filter  No.  67  is  of  one-half  tbe  area  of  Filter  No.  66  and  contains 
60  inches  in  depth  of  sand  of  an  effective  size  of  0.19  millimeter. 
A  pressure  pump  capable,  at  its  ordinary  rate  of  operation,  of  pump- 
ing nineteen  gallons  of  air  per  minute,  was  connected  with  the  air- 
tight chamber,  and  the  air  delivered  into  this  chamber  was  forced  up 
through  the  entire  body  of  filtering  material  in  Filter  No.  66.  This 
filter  bas  been  operated  at  rates  varying  from  90,000  to  513,000  gal- 
lons per  acre  daily,  and  with  tbe  amount  of  aeration  given,  as  shown 
by  the  notes  beyond,  nitrification  has  been  kept  active.  Owing, 
however,  to  the  perforated  bottom  of  the  filter  a  considerable  per- 
centage of  the  sewage  sludge  has  passed  down  through  the  filter 
instead  of  being  stored  within  the  filter. 

Filter  No.  67  has  received,  during  a  large  portion  of  the  year,  the 
entire  effluent  of  Filter  No.  66,  and  has  given  a  satisfactory  effluent. 
This  high  rate  of  filtration  bas  been  maintained  with  considerable 
difficulty,  owing  to  the  amount  of  sludge  in  tbe  effluent  of  Filter 
No.  66,  and  the  clogged  sand  removed  from  Filter  No.  67  bas 
amounted  to  22  cubic  yards  per  million  gallons  of  sewage  filtered. 

On  November  7  the  surface  of  Filter  No.  66,  with  the  exception 
of  a  circular  opening  8  inches  in  diameter  in  the  centre,  was  cov- 
ered with  6  inches  of  coke  breeze.  The  coke  was  for  the  purpose  of 
straining  out  some  of  tbe  sludge  of  the  sewage,  and  the  opening  to 
allow  the  circulation  of  air  when  tbe  filter  was  being  aerated.  Tbe 
quality  of  the  effluent  was  slightly  improved  by  this  change,  but  not 
enough  to  expect  that  the  high  rate  of  filtration  through  Filter  No. 
67  can  be  maintained  without  large  removals  of  clogged  sand  from 
time  to  time  or  prolonged  periods  of  resting. 

The  electric  power  to  operate  the  aerating  apparatus  bas  been  ob- 
tained from  tbe  Lawrence  Gas  Company,  and,  for  tbe  amount  of 
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aerdtioD  given,  the  coBt  has  been  at  the  rate  of  several  hundred  dol- 
lars per  million  gallons  of  sewage  filtered.  With  a  larger  plant,  the 
cost  would  be  less  in  proportion  to  the  sewage  filtered,  but  it  seems 
improbable  that  it  would  be  reduced  sufficiently  to  be  considered 
reasonable  in  sewage  purification. 


Effluent  ofFiUer  No.  ( 
[Pun*  per  lM,Doa.] 


gun- 

IS 

Tiw 

.'." 

MlnulDi. 

*I-1-M«*»0». 

A-xon^ 

i 

«.,».„ 

1 

1 

1 

1 

1 

ulDHnmlD. 

1 

i 

il 

1 

1 

*"'■■ 

t 

11 

Umc. 

s»,m 

47 

« 

NOQ.. 

Doclded 

.*3 

o.uoo 

.11» 

.0337].^ 

7.10 

1.14 

..m 

O.M 

sie.oDO 

Apr., 

357,3(W 

M 

a 

Im. 

Decided 

.et 

i.s»2a 

.Mti7 

.2367.O6O0 

B.OI 

1. 00 

•»" 

I.Sl 

(M.000 

M.y, 

43J.T(K) 

to 

81 

Ilm. 

Decided 

,« 

l.OTOO 

.K40 

.SORO.OIOO 

W.T1 

J.M.043S 

1.31 

1,572,000 

Juna, 

243,300 

«t 

«t 

Nona. 

Qnai. 

•" 

1.018- 

.1033.1700 

10.37 

,.81.01» 

3.88 

871,000 

J.l». 

<S1,»00 

70 

74 

NOOB. 

Ure.l. 

.. 

l.WOO.MSO 

.1804.  «TB 

ii.i7 

1.08;.  iNo 

1.00 

1,039,000 

A.g., 

uo,ino 

1! 

75 

Noi... 

On^t. 

... 

l.««7|.720O 

.1S0O.M00 

13,70 

2.18 

.000 

6.00 

1,888,000 

S«pl.. 

2M.100 

a 

u 

Sane. 

Decided 

.« 

1.0800 

.aoooL.MoLiTM 

10.01 

3.18 

.o» 

3.M 

1.043.000 

Oct.. 

M«,l«, 

M 

M 

Kon.. 

Decided 

.. 

I.IIOO 

»»]..J.10. 

10.7* 

1.11 

..ISO 

l.S« 

478,000 

KOT., 

1BO,«<10 

46 

M 

3m. 

Decided 

Z.!TOO 

.3300  .2880  .OWO 

7,71   l.&a.OlM 

l.Sol    958,000 

I>«. 

613,>00 

40 

"a 

4n.. 

Decided 

.67 

2.0300 

i.isre 

.sigbUom'.uoa 

(           1 

■■'-r 

I.SO     340,000 

At., 

MI.SO0 

a 

.». 

■>-"-' 

.ISH 

^ 

- 

- 

Z.48    tK.K» 

Bewi«a  applied, fi  (■Hon*  tblrtf  Llmu  ■  veek,  Mirch  10la2I;  10  inlloni  thirty  tlmuk  w»li,MHah 
2310  to;  an  RilloDa  Ihlny  tlmee  a  week.  If  arch  30  to  April  12;  April  13  (o  June  8,  IM  gallonB  dilly,  ap- 
plied Id  Hve  doKi  of  2U  nllooi  each  aod  t«o  d»c>  of  2S  gallani  nch-  Jdd*  »  id  14.  80  gallooa  ihlnj 
(Imca  ■  wiek^  June  1&  to  ^l.  s&  gallona  Iblrtf  tliDFi  a  veok;  June  22  la  28.  li  gallon!  thirty  tlmea  a 
week ;  June  20  la  SepIrmlKr  3,  150  gallona  dally,  applied  Id  Ave  doaea  of  30  gallooa  each  aod  two  doM* 
of  U  gallooa  each ;  Bepumbei  7  id  Oelnber  i,  K  gallooa  dully,  applied  Id  alt  doHi  of  10  galtona  each 
aodoDcdoeeof  11  gallosa;  October  0  to  Huvenber  10,11  (allsnaalily  llmeiaweeki  Kovember  II  to 
DeeemberSt,  20  gallona  elity  timet  a  week;  April  3  id  12,  Slur  aerated  one  half  hour  eighteen  llmee  a 


liny  tin. 


twollmeaaooak;  Oct< 
to  Dvcember  31.  Rftccn  mini 
daring  ihe  nighi;  May  4  to 
nlghl;  June  8  lo  Deccoibei 
to  Oclohar  i,  aurfacc  raki'i 
HoTcnlter  20  lo  Decenib.<r  3 
■orlae*  raked  3  Inchi'i  deep, 
4la>neler  In  the  centre  of  1~. 


:;  JuneWIoJuly  21.  flfteea 
14,  ntleen  mlnulea  thlrty.i 


enly-fuu 


itbelDgaeraled,  Uay  18 
r  10,  luirace  Dot  tmked; 
connaeled.    KoiemlMtT, 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


B^uetU  of  FiUer  No.  87. 
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Fillers  Nos.  80  and  81. 

Filter  No.  80  conttiins  4.5  feet  id  depth  of  coal  ashes  and  has 
received  sewage  at  the  rate  of  70,000  gallons  per  acre  daily.  Its 
efflaeot  has  been  bright  and  clear  from  the  beginning  and  in  Janoary 
of  the  present  year  (1897)  nitrification  began  to  be  active. 

Filter  No.  81  contains  4.5  feet  in  depth  of  cinders  and  has  received 
sewage  which  bad  first  been  strained  through  coke  breeze  at  the  rate 
of  550,000  gallons  per  acre  daily.  The  method  of  operating  the  filter 
has  been  as  follows:  In  the  morning  the  outlet  is  closed  and  sew- 
age is  applied  in  hourly  doses  until  the  surface  is  covered  ;  the  filter 
ia  allowed  to  remain  in  this  condition  for  two  hours,  when  the  outlet 
is  opened  and  the  filter  slowly  drained. 
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FILTRATION  OF  WATER.^ 


Seven  of  the  experimeotal  filters,  ased  for  the  purpose  of  studying 
the  purification  of  water  by  sand  filtration  during  1895  and  previoos 
years,  have  been  continued  in  operation  during  1896,  and  the  results 
obtained  by  these  filters,  together  with  those  obtained  by  three  addi- 
tional filters  and  the  large  filter  2.5  acres  in  area,  constructed  by  the 
city  of  Lawrence  and  put  in  operation  Sept.  20,  1893,  are  presented 
in  the  following  pages.  Reports  of  the  Board  for  previous  years 
have  given  facts  and  figures  regarding  the  filtration  of  Merrimack 
River  water  through  various  depths  and  kinds  and  grades  of  sand, 
at  various  rates  of  filtration  and  with  both  continuous  and  intermittent 
filters.  The  data  obtained  and  recorded  in  those  reports  are  here 
added  to,  together  with  such  new  observations  as  seem  to  be  espe- 
cially worth  recording. 

Two  distinctly  new  lines  of  investigation  have  been  started :  one, 
the  study  of  the  sand  filtration  of  water  much  more  polluted,  both 
chemically  and  bacterially,  than  the  Merrimack  River  water,  and  the 
other,  studies  in  regard  to  the  removal  of  iron  in  such  forms  as  it 
exists  in  some  of  the  water  supplies  of  the  State.  The  study  of  the 
purification  of  a  highly  polluted  water  has  been  carried  on  during  a 
large  portion  of  the  year  and  considerable  data  can  be  given,  but  the 
study  of  the  removal  of  iron  was  begun  during  the  last  part  of  the 
year. 

The  table  on  the  following  page  shows  the  rate  of  filtration  and 
the  bacterial  efficiency  for  the  year  of  those  filters  receiving  Merri- 
mack River  water.  Determinations  of  the  number  of  bacteria  in  the 
water  applied  to  the  filters  are  made  twice  each  day,  determinations 
of  the  bacteria  in  the  eflluents  of  filters  Nos.  3B,  7  A  and  8  A  four 
times  each  day,  and  of  the  smaller  filters  always  once  and  sometimes 
twice  each  day. 

*  In  preparing  this  paper  the  writer  has  had  the  assistance  of  Mr.  W.  R.  Copeland. 
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Discussion  op  Bacterial  Efficiency  of  the  Filters. 

By  a  study  of  the  table  it  is  seen  that  all  of  the  filters  having  an 
average  depth  of  more  than  1 2  inches  of  sand  maintained  an  average 
bacterial  efficiency  of  99.24  per  cent,  or  more.  The  greatest  aver- 
age efficiency,  99.70  per  cent.,  was  obtained  by  the  large  filter, 
No.  8  A,  one  two-hundredth  of  an  acre  in  area,  situated  out  of 
doors,  containing  52  inches  in  depth  of  sand  and  operated  continu- 
ously. Filter  No.  3  B,  of  the  same  area  and  depth  and  also  oat  of 
doors,  but  operated  intermittently,  gave  an  average  bacterial  effi- 
ciency of  99.54  per  cent.,  but  its  average  rate  of  filtration  was  much 
less  than  that  of  Filter  No.  8  A.  An  examination  of  the  tables  of 
daily  results  (see  page  537  and  following)  shows  that  these  large 
filters  maintained  a  more  uniform  efficiency  than  the  small  filters,  and 
that,  of  the  large  filters,  the  most  uniform  results  were  obtained  by 
Filter  No.  8  A.  Nearly  as  uniform  results  were  obtained  by  Filter 
No.  3  B,  and  both  filters  gave  a  decidedly  better  day-by-day  efficiency 
than  the  shallower  or  smaller  filters. 


Rates  of  Filtration  and  Bacterial  Efficiency. 

Filters  Nos.  3  B  to  64,  inclusive,  have  been  operated  at  rates  of 
filtration,  in  gallons  per  acre  daily,  varying  from  1,960,000  on  the 
part  of  Filter  No.  33  A  to  4,880,000  on  the  part  of  filters  Nos.  48 
and  62,  and  at  these  rates  the  bacterial  efficiency  obtained  has  been 
satisfactory.  The  efficiency  has  not  borne  a  direct  relation  to  the 
rate  of  filtration  nor  to  the  degree  of  coarseness  or  fineness  of  the 
sand.  Filter  No.  18  A,  containing  sand  of  an  efibctive  size  of  0.48 
millimeter  and  operating  at  the  rate  of  4,740,000  gallons  per  acre 
daily,  has  given  an  effluent  containing  on  an  average  47  bacteria 
per  cubic  centimeter,  and  Filter  No.  83  A,  containing  sand  of  an 
eflfective  size  of  0.14  millimeter  and  operating  at  a  rate  of  1,960,000 
gallons  per  acre  daily,  has  given  an  effluent  containing  on  an  aver- 
age 73  bacteria  per  cubic  centimeter.  It  is  true  that  Filter  No. 
18  A  contained  a  greater  depth  of  sand  and  that  there  was  at  times  a 
growth  of  bacteria  within  the  sand  of  Filter  No.  33  A,  as  will  be  ex- 
plained later,  but  the  fact  remains  that  the  coarsest  filter  operating 
at  the  highest  rate  gave  the  best  result.  On  the  other  hand,  Filter 
No.  33  A  could  undoubtedly  have  been  operated  at  a  higher  rate  than 
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it  was  operated  and  have  given  as  good  an  effluent,  while  the  rate  of 
Filter  No.  18  A  if  increased  materially  would  probably  have  caused 
poor  results  to  follow.  Filter  No.  33  A  might  even  have  given  a 
better  result  at  a  higher  rate,  from  the  fact  that  the  more  rapid  pas- 
sage of  the  water  through  the  iilter  would  perhaps  have  diminished 
the  number  of  those  bacteria  in  the  effluent  which  grew  within  the 
filter.     (See  page  525.) 

The  advantage  of  a  filter  of  fine  sand,  such  as  Filter  No.  33  A,  over 
a  filter  of  coarse  sand  is  most  marked  at  the  beginning  of  its  period 
of  operation.  The  results  then  obtained  are  much  better  than  ob- 
tained at  the  outset  with  coarse  sand,  but  as  the  period  of  service  of 
filters  increases  the  efficiency  of  the  coarse  sand  filters  increases  and 
the  volume  of  water  passed  between  scrapings  is  greater,  other 
things  being  equal,  with  a  filter  of  coarse  sand.  Better  results 
immediately  after  scraping  are,  with  the  same  treatment  in  each 
case,  obtained  by  a  filter  of  comparatively  fine  sand.  These  facts 
have  been  repeatedly  stated  in  different  reports  of  the  Board,  and 
tables  given  illustrative  of  them,  and  their  repetition  here  is  simply 
by  way  of  explanation  of  the  table  given. 


Remarks  in  Regard  to  Shallow  and  Deep  Filters. 

As  noted  in  earlier  reports  of  the  Board,  disturbing  influences, 
such  as  scraping,  fluctuations  of  rate  of  filtration,  etc.,  affect  more 
seriously  the  bacterial  results  obtained  from  shallow  than  from  deep 
filters.  It  has  also  been  noted  that  depth  of  water  over  the  surface 
of  a  sand  filter  exerts  a  pressure  upon  the  surface,  rendering  the 
upper  sand  layers  so  compact  that  the  maximum  rate,  or  quantitative 
capacity  of  the  sand  to  the  flow  of  water,  is  reduced.  (See  page 
706,  report  of  1894.)  Owing  to  this  fact  of  pressure,  of  two  filters 
containing  the  same  total  depth  of  sand  and  water,  other  things 

• 

being  equal,  that  one  containing  the  greatest  depth  of  sand  and  thus 
the  least  depth  of  water  over  its  surface  will  require  less  frequent 
scraping  than  the  one  in  which  the  relative  depth  of  sand  and  water 
is  reversed.  It  is  also  true  that  with  the  same  depths  of  water  over 
the  surface  of  two  filters  containing  different  depths  of  sand  the  one 
containing  the  greatest  depth  of  sand  will  require  the  least  scrap- 
ing. Filters  Nos.  63  and  64,  both  filtering  river  water  at  a  rate  of 
3,000,000  gallons  per  acre  daily,  and  containing,  from  May  8  to  July 
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28y  an  average  depth  of  22  and  9  inches  of  the  same  grade  of  sand 
respectively,  have  given  results  upon  this  point  shown  in  the  follow- 
ing table :  — 


Number  of  Scrapings^  Water  filtered  between  Scrapings^  etc,^  with  a  ShaUow  a» 

compared  with  a  Deeper  Filter, 


NUMBSB  or  FiLTSB. 


Depth 

of  Band 

In  Inches. 


Armgt 
Depth  of 

Water 
on  Barface. 


NnmlMr 

or 
Seraplngi. 


Namberof 
Oalloni 

filtered  be- 
tween 
Scraplnct 

(per  Acre). 


Ai 

Rate  or 
tnilon 
(OallooiMr 
AcrBUallj). 


22 


10 
10 


16 
12 


15,900,000 
90,500,000 


2,000,000 
8/100,000 


On  July  28  the  head  on  Filter  No.  64  was  reduced  so  that  the 
depth  of  water  on  the  surface  compared  to  the  depth  of  sand  should 
correspond  more  nearly  with  the  ratio  of  the  depth  of  water  to  depth 
of  sand  in  Filter  No.  63. 

The  results  obtained  from  filters  Nos.  63  and  (>4,  covering  the 
period  May  18  to  October  31,  together  with  results  from  the  larger 
filters,  Nos.  7  A  and  8  A,  have  been  gathered  together  in  the  follow- 
ing table.  Filter  No.  7  A  had  not  been  in  operation  for  the  four 
months  just  previous  to  this  period  and  its  surface  was  therefore  very 
porous,  hut  as  Filter  No.  8  A  had  been  scraped  and  dug  over  6  inches 
deep  on  April  11,  the  surface  layers  of  7  A  and  8  A  were  probably 
about  equally  porous  when  the  experiment  started. 


Table  showing  the  Number  of  Scrapings^  Cubic  Yards  oj  Sand  removed,  etc,,  i 

operating  Shallow  as  compared  with  Deeper  Filters. 


in 


XOMBKB  or 
FiLTSB. 


Period. 


ATerage 
Depth  of 

Hand 
(Inches). 


Nnmber 

of 

Scrapings. 


Actual 

Namber 

of  Gallons 

filtered. 


Cable  Yards 

of  Sand 

removed  per 

Million  GaUoni 

filtered. 


ATeran 

Bacterial 

Efficiency. 


7A,    . 
8A,    . 

68, 


I  Apr.  13  to  Dec.  31, 
Apr.  13  to  Dec.  31, 
May  18  to  Oct.  31, 
May  18  to  Oct.  31, 


18 

14 

4,825,166 

48 

11 

6,214.181 

7 

29 

24,210* 

21 

21 

24,807* 

0.98 
0.67 


99.25 
99.71 
98.16 
99.41 


*  Filters  Nos.  63  and  64  are  only  onahuDdredth  the  area  of  filters  Noa.  7  A  and  8  A. 

From  this  table  it  is  evident  that  the  shallow  filters  Nos.  7  A  and 
64  were  scraped  more  frequently,  that  the  number  of  cubic  yards  of 
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sand  scraped  off  per  million  gallons  of  water  filtered  was  greater, 
and  that  the  average  bacterial  efficiency  was  less  than  of  the  deeper 
filters  Nos.  8  A  and  63.  The  table  is  significant  owing  to  the  fact 
that  one  of  the  largest  items  in  the  cost  of  running  sand  filters  is 
caused  by  scraping  sand  from  the  filter  and  replacing  it  with  new. 


Efect  of  Spading  the  Surface  Layers  of  Deep  and  Shallow  Filters. 

It  has  been  stated  in  the  present  report,  and  considerable  data 
upon  the  subject  have  been  given  in  previous  reports,  that  shallow 
filters  are  much  more  sensitive  to  disturbing  influences  than  deeper 
ones.  That  is  to  say,  when  the  surface  deposit  is  removed  or  the 
surface  spaded  over,  that  a  filter  containing  a  considerable  depth 
of  sand  will  produce  a  better  bacterial  efficiency  immediately  after- 
wards than  one  containing  a  shallower  depth  of  sand. 

The  two  following  tables  illustrate  this  point :  — 


Effect  produced  upon  Bacterial  Efficiency  by  Spading  a  Shallow  Filter, 

[BftcteriA  per  Cubic  C«ntlmeior  Id  th«  Efflaeot  from  Filter  No.  7  A.] 


Date— 1A97. 


Hour. 


Bacterta. 


Bemarks. 
(Filter  15  Inches  Deep.) 


Jan  nary  16, . 
18, 
18. 
18. 
18, 
18, 
18, 

1». 
20, 

21, 
22, 
28, 
26, 
28, 
27, 


5.00  A.M. 


8.45  AM, 


9.00  A.M. 


0.10  A.M. 


11.00  a. 


2.00  P.M. 
5.00  P.M. 


25 

140 

825 

2,508 

2,282 

8,024 

3,144 

2.174 

l,80fl 

2,099 

1,297 

1,176 

536 

173 

107 


Before  apadlog. 
Oatlet  gate  Jaat  opened. 


Average  of  three  aoalyaea. 
Average  of  three  analynes. 
Average  of  three  analyaea. 
Average  of  three  analyeea. 
Average  of  three  analyses. 
Average  of  three  aoalyaee. 
Average  of  three  analyaee. 
Average  of  three  analyaea. 


Nora.  — The  nnmber  of  bacteria  In  the  eanal  water  applied  to  Filter  No.  7  A  on  January  18  aver- 
aged 12,900  per  cubic  centimeter. 
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Effect  upon  Bacterial  Efficiency  produced  by  Spading  a  Deep  Filter, 

[Buterift  par  Cuble  CeDtlmet*?  Id  the  Kffluent  from  Filter  No.  S  A.] 


Datr  —  1S9«. 

Honr. 

Bacterta. 

Remarlu. 
(Filter  45  Inches  Deep.) 

D«eemb«r  1 

6.00  AJi. 

10 

Before  ■padlof . 

8. 

0.00  A.M. 

« 

Outlet  gate  Jaat  op«B6d. 

8. 

10.16  A.M. 

8 

». 

11.80  A.M. 

0 

3.       . 

1.80  p.m. 

9 

». 

3.00  P.M. 

14 

8. 

6.00  P.1I. 

6 

4, 

- 

64 

Average  of  three  uudjaw. 

5.        . 

- 

126 

Average  of  three  aaalyaM. 

T, 

- 

418 

Average  of  three  analjaee. 

8. 

- 

828 

Average  of  three  analyeae. 

».        . 

- 

204 

Average  of  thr«e  analyeee. 

10.        . 

- 

168 

Average  of  thr«e  aoalyaee. 

11.       , 

- 

07 

Average  of  three  analyaee. 

w. 

- 

73 

Average  of  three  analyeae. 

Non.  —  The  nambor  of  bacteria  In  the  canal  water  applied  to  Filter  No.  8  A  on  I>eoemb«r  8  aver- 
aged 4,800  per  enbie  centimeter. 


Both  of  these  filters  were  spaded  over  6  inches  deep  and  after 
spading  were  filled  slowly  with  city  water  from  below  and  allowed 
to  stand  for  twenty-four  hours.  On  the  days  when  the  outlet  valves 
were  again  opened  Filter  No.  7  A  ran  at  a  rate  of  5,034,000  gallons 
per  acre  daily,  but  Filter  No.  8  A  fell  a  little  short  of  this,  ranning 
at  a  rate  of  4,390,000  gallons.  This  rate  gradually  increased  until 
it  reached  5,000,000  gallons,  and  maintained  an  average  rate  of 
5,180,000  gallons  per  acre  daily  from  December  5  to  10. 

The  difference  in  rate  between  4,300,000  and  5,000,000  gallpna 
per  acre  daily  was  not  sufficient  to  account  for  the  great  difference 
between  the  numbers  of  bacteria  which  were  found  in  the  effluents 
of  filters  Nos.  8  A  and  7  A  on  the  first  day  after  the  outlets  were 
opened.  For  instance,  the  number  of  bacteria  found  in  the  effluent 
from  Filter  No.  8  A  averaged  9  per  cubic  centimeter,  whereas  the 
number  found  in  the  effluent  from  Filter  No.  7  A  averaged  1,984 
per  cubic  centimeter.  The  mechanical  disturbance  of  spading  affected 
Filter  No.  8  A  to  some  extent  however,  and  the  bacterial  efficiency 
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decreased  together  with  the  increase  in  rate  during  the  period  from 
December  4  to  10.  Thus  the  figures  given  in  the  table  bhow  that, 
whereas  on  December  3  the  bacteria  in  the  effluent  of  Filter  No.  8  A 
averaged  9  per  cubic  centimeter,  during  the  period  from  December 
4  to  10  the  bacteria  averaged  274  per  cubic  centimeter. 

Remarks  in  Regard  to  Intermittent  and  Continuous  Filtra- 
tion. 

For  six  years  filters  receiving  Merrimack  River  water  and  operated 
continuously  and  intermittently  have  been  studied  at  this  station. 
The  first  experimental  water  filter,  No.  8,  was  put  into  operation  in 
November,  1887,  and  continued  until  September,  1893.  This  filter 
contained,  above  the  usual  underdrains,  3  feet  and  8  inches  in  depth 
of  a  mixture  of  gravel  and  sand  of  an  efifective  size  of  0.35  milli- 
meter ;  above  this  layer  were  8  inches  of  yellow  loam,  and  above 
this  a  layer  6  inches  deep  of  the  same  kind  of  material  as  that  which 
lay  below  the  loam. 

City  water  was  applied  to  this  filter  at  rates  varying  from  100,000 
to  300,000  gallons  per  acre  daily,  and  the  efiluent  was  a  clear, 
bright,  almobt  colorless  water  with  a  taste  like  that  of  spring  water. 
On  Nov.  13,  1891,  Merrimack  River  water,  taken  from  the  Essex 
Company's  canal,  began  to  be  applied  to  this  filter  at  the  rate  of 
300,000  gallons  per  acre  daily,  instead  of  the  city  water  previously 
applied.  The  river  water  contained  many  times  as  many  bacteria 
per  cubic  centimeter  and  more  organic  matter  thaa  the  city  water 
previously  applied,  which,  although  taken  from  the  river  in  the  first 
place,  had  passed  through  the  reservoir  and  city  service  pipes  before 
reaching  the  station.  The  effluent  of  the  filter,  however,  continued 
as  pure  chemically  and  with  no  more  bacteria  than  when  city  water 
was  applied.  The  average  removal  was  99.97  per  cent,  and  the 
few  bacteria  appearing  in  the  effluent  were  believed  to  be  due  to 
growths  in  the  underdrains. 

Thus  the  effluent  of  this  filter  was  in  every  way  satisfactory,  but 
owing  to  the  layer  of  loam  it  was  impossible  to  increase  the  rate  of 
filtration  above  300,000  gallons  per  acre  daily ;  and,  as  this  loam 
began  to  clog  with  the  organic  matter  removed  from  the  water,  this 
quantitative  capacity  decreased  and  the  filter  was  discontinued  in 
1^593,  as  before  stated. 

In  the  meantime  other  filters  were  put  in  operation,  some  of  sand 
with  layers  of  loam  and  others  with  their  entire  depth  above  the 
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underdrains  consisting  of  one  grade  of  sand,  and  at  the  close  of 
1892,  eighteen  water  filters  either  were  or  had  been  in  operation  at 
the  station,  ten  continuous  and  eight  intermittent  filters,  and  in  the 
report  for  that  year  a  comparison  of  results  obtained  by  the  two 
methods  of  filtration  was  given  and  the  statements  made  that :  — 

1.  In  continuous  and  intermittent  filtration  through  materials  of 
the  sizes  employed  and  at  the  given  rates  there  is  no  very  great  dif- 
ference in  the  amount  of  organic  matter  removed  from  the  applied 
water. 

2.  Continuous  filters  require  cTcraping  less  frequently  than  inter- 
mittent. 

3.  Jt  will  be  necessary  to  obtain  more  data  before  making  defi- 
nite conclusions  in  regard  to  the  bacterial  efficiency  of  the  two 
methods. 

During  this  year  the  rates  of  filtration  of  the  different  filters  varied 
from  a  few  hundred  thousand  to  two  million  gallons  per  acre  daily. 
During  1893  the  number  of  experimental  filters  was  added  to  and 
the  rates  of  filtration  in  gallons  per  acre  daily  increased,  so  that 
several  filters  were  operated  at  the  rate  of  between  three  and  five 
million  gallons  per  acre  daily  and  the  comparative  results  obtained 
from  the  continuous  and  intermittent  filters  were  summarized  as  fol- 
lows :  — 

1.  That  in  the  case  of  the  filters  of  fine  sand,  in  which  there  is  a 
saturated  layer  of  considerable  depth,  the  bacterial  efficiency  was 
substantially  the  same  by  each  method  employed  in  the  application 
of  water  during  the  greater  part  of  the  year,  but  during  raidsunHucr 
(July  24  to  September  2)  the  continuous  filters  allowed  a  few  more 
of  the  hardy  water  bacteria,  but  not  of  B.  prodigioaxis^  to  pass 
through. 

2.  That  with  filters  of  coarser  sands,  operated  at  comparatively 
high  rates,  the  continuous  filters  are  ordinarily  more  efficient  in 
removing  bacteria  than  the  intermittent  filters  under  the  existing 
methods  of  operation.  The  reason  of  this  is  that  the  actual  rate  of 
llow  was  lower  and  more  uniform  and  there  was  no  mechanical  dis- 
turbance of  the  sand,  as  was  the  case  during  the  greater  part  of  the 
period  with  the  intermittent  filters,  owing  to  the  manner  of  filling 
and  driving  out  the  air. 

During  1894,  1895  and  1896  intermittent  and  continuous  filters 
were  continued  in  operation,  and  the  results  obtained  from  all  of 
them  have  been  important  and  instructive,  but  the  most  important 
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have  undoabtedly  been  obtained  by  filters  Nos.  3  B  and  8  A.  These 
two  filters  were  put  in  operation  in  September ,  1893,  and  from  the 
day  when  first  flooded  up  to  the  present  time  have  been  running 
without  interruptions,  except  those  caused  by  scraping  or  other 
necessary  details  of  operation.  These  two  filters  are  each  one  two- 
hundredth  of  an  acre  in  area  and  their  location  is  such  as  to  make 
them  comparable  with  large  filters  of  a  city  supply  system.  They 
each  have  the  same  depth  of  the  same  grade  of  sand  and  have  been 
operated  at  rates  varying  from  2,000,000  to  5,000,000  gallons  per 
acre  daily.  Filter  No.  3  B  has  always  been  operated  intermittently 
while  Filter  No.  8  A  has  been  operated  continuously,  and  the  fol- 
lowing table  gives  the  average  rate  of  filtration  and  the  average  bac- 
terial eflBciency  of  each  filter  for  each  year  of  operation  :  — 


FiLTBS  NUMBEB. 

Tear. 

Bate. 

Bact«rtel 
Efflclencj. 

SB 

8A« 

1893,* 

2,006,000 
1,908,000 

06.00 
07.80 

SB 

8  A, 

^                                                                                                                                        m 

1894,       

2,982,000 
8,107,000 

99.10 
99.22 

SB 

8  A, 

1896, 

8,000,000 
8,676,000 

99.10 
99.73 

SB 

8  A, 

1896, 1 

2,868,000 
8,604,000 

99.64 
99.70 

*  Three  montbt  only. 


The  table  shows  that  Filter  No.  8  A  has  been  operated  at 
a  higher  rate  of  filtration  than  Filter  No.  3  B,  although  it  can  be 
stated  here  that  it  has  been  the  intention  to  have  the  two  filters 
operating  at  equal  rates.  (The  explanation  of  the  dificrence  in  rate, 
of  flow  is  given  on  page  516  and  following.)  The  table  also  shows 
that  the  bacterial  efficiency  of  Filter  No.  8  A  has  always  averaged 
greater  than  that  of  Filter  No.  3  B,  and  it  can  be  stated  here,  and  an 
examination  of  the  tables  of  daily  results  given  in  the  various  reports 
will  show,  that  its  uniform  efficiency  has  also  been  greater. 

The  reason  that  continuous  filtration  has  been  so  entirely  success- 
ful is  the  fact  that  the  river  water  always  contains  dissolved  oxygen 
in  such  quantities  that  the  effluents  of  the  continuous  filters  always 
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contain  it,  except  in  midsummer,  when  with  filters  of  6ne  fmod  its 
entire  or  almost  entire  absence  has  been  noted  on  several  occaaions. 
The  effluents  of  dlters  constructed  of  sund  as  coarse  as  that  of  filten 
Noa.  3  B  and  8  A  have  never  shown  an  entire  absence  of  oxygen. 


FViert  Nos.  3  B  and  8  A,  one  two^undredlh  of  an  Acre  in  Area. 
Oompnruon  of  QuarUiialive  S^ieUncy  in  OalUma  per  Acre  Daily,  the  Average 
Kutnber  of  Oallom  JfUertd  betieeen  Serapingt,  and  the  Per  dent,  of  Baeteria 
removed  in  Wilder  Weather,  Dec.  1, 1896,  to  Feb.  27, 1S97. 
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The  Quantitative  Capacity  of  the  Intermittent  and  Continuous  Fil- 
lers J^os.  3 Band  8 A. 
The  table  on  page  507  shows  that  the  average  rates  of  filtration  for 
filters  Nos.  3B  and  8A  were,  respectively,  2,868,000  and  3,964.000 
gallons  per  acre  daily.  The  whole  number  of  gallons  filtered  during 
the  year  was  4,645,440  gallons  for  3  Band  5,984,107for  8  A,  orSB 
filtered  1.339,000  guIloiiB  less  than  8A,  although  the  intention  was 
to  have  the  same  number  of  gallons  pass  through  each  filter  every 
day.  To  do  this,  of  course,  the  rate  of  filtration  of  3  B  would  neces- 
•arily  be  greater,  during  a  portion  of  the  day,  than  the  rate  of  8  A. 
in  order  to  make  up  for  that  period  of  the  day  when  the  surface 
of  3B  was  uncovered  and  the  filter  simply  draining.  It  was  im- 
possible, however,  with  Filter  No.  8  A  operating  at  the  rate  given, 
to  equalize  the  flow  for  the  following  reason:  the  surface  of  3B 
stands  uncovered  for  two  hours  each  day  and,  as  the  water  gradually 
Btnks  away  from  the  surface,  air  presses  in  to  fill  up  the  interstices 
between  the  grains  of  sand.  When  water  is  again  turned  on  to  the 
filter  the  air  held  in  the  sand  works  its  way  to  the  surface,  or  is 
forced  downward  and  out  through  the  underdrnins.  The  applied 
water  carries  considerable  fine  material  in  suspension,  and  this  is 
strained  out  at  the  surface  and  in  the  open  spaces  in  the  upper  layera 
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of  sand  so  that  the  channels  by  which  the  air  can  escape  easily  are 
soon  filled.  No  longer  having  an  easy  chance  of  escape,  the  air 
which  is  retained  in  the  filter  fills  up  the  open  spaces  and  increases 
the  frictional  resistance  to  the  passage  of  water  through  the  sand. 
Since  the  water  works  its  way  more  slowly  each  day  through  the 
filter,  owing  to  increased  clogging,  it  takes  a  longer  time  each  day 
for  the  intermittent  filter  to  uncover  and  also  for  it  to  return  to  its 
maximum  rate  of  flow.  The  more  slowly  the  rate  increases,  the 
smaller  the  amount  of  water  filtered  will  be  each  succeeding  twenty- 
four  hours.  Owing  largely  to  the  presence  of  air  in  the  filter, 
therefore,  the  quantity  of  water  filtered  through  3B  has  been  less 
than  through  8  A. 

Comparison  of  the  Quantitative  Efficiency  of  Intermittent  and  ConiinuouM  Fiiter$^ 

3  B  and  8  A,  at  Different  Seasons  of  the  Tear. 


S  B  (IVTBKXtTTBrr). 

S  A  (CoimvuoDS). 

Sbasov  of  thb  Tbab, 

ATeraire 

Temperature 

of  Kffluent 

(Degrees  F.). 

Nnmber  of 
Days 

elapsed  be- 
tween 

Scrapings. 

ATerage 
Number  of 

Gallons 
passed  be- 
tween 
Scrapings 
(per  Acre 
DaUy). 

ATerage 

Tempera  tore 

of  Kffloent 

(Degrees  F.). 

ATerage 

Number  of 
Days 

elapsed  be- 
tween 

Scrapings. 

ATiraga 
number  of 

ChUkms 
pnaaad  be- 
tween 
Senplnga 

Warm, 

Cold 

00 
48 

17 
11 

3,658,000 
8,271,000 

71 
42 

17 
26 

4,467,000 
4,088,000 

The  table  also  shows  that  Filter  No.  8  A  was  scraped  much  oftener 
in  summer  than  in  winter,  but  this  low  summer  avemge  of  seventeen 
days  between  scrapings  was  partly  due  to  the  fact  that  the  surface 
of  this  continuous  filter  became  covered  several  times  during  the 
summer  with  a  thick  mat-like  growth  of  spirogyra  which  had  to  be 
removed.  Omitting  the  scrapings  from  this  cause  the  average  num- 
ber of  days  elapsing  between  scrapings  would  be  greater. 

One  reason  why  the  winter  average  of  days  elapsing  between 
scrapings  is  so  great  is  that  on  December  1  the  filter  was  spaded 
over  to  the  depth  of  6  inches. 


Air  dissolved  in  (he  Water  and  its  Physical  Action  in  Filtration. 

The  canal  water  always  contains  some  dissolved  oxygen ;  the 
amount  varies  with  the  temperature  and  is  greater  in  cold  than  in 
warm  water.  During  summer  weather  the  canal  water  is  warm  and 
contains  a  small  amount  of  dissolved  oxygen ;   but  as  this  water 
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penetrates  the  filter  it  becomes  colder,  because  the  temperature 
TVithiu  the  filter  is  lower  than  that  of  the  water  or  outs^ide  air  and 
for  this  reason  it  absorbs  some  of  the  air  held  in  the  sand.  Hence 
during  warm  weather  the  water  in  passing  through  the  filter  reduces 
the  amount  of  air  held  in  the  sand  and  thus  decreases  the  frictional 
resistance  of  the  filter  to  the  fiow  of  water.  On  the  other  hand,  dur- 
ing cold  weather  the  water  when  applied  to  the  filter  is  generally 
nearly  or  quite  saturated  with  dissolved  oxygen  and  gives  up  part 
of  it  as  it  passes  down  through  the  warmer  bed  of  sand.  In  cold 
weather,  therefore,  while  passing  through  the  filter  the  water  in* 
creases  the  amount  of  air  held  in  the  sand  and  as  a  result  the  fric- 
tional resistance  of  the  filter  to  the  passage  of  water  is  increased. 
It  is  also  true  that  the  viscosity  of  cold  water  is  greater  than  that  of 
warm  water  and  a  given  amount  of  frictional  resistance  in  a  filter 
will  retard  the  flow  of  water  in  winter  more  than  it  will  in  summer. 
Continuous  filters  are  afi*ected  less  in  this  respect  by  the  change 
of  temperature  in  winter,  because  the  surface  of  the  filter  remains 
covered  and  the  air  set  free  from  the  water  as  it  passes  through  the 
filter,  and  held  in  the  sand,  is  not  added  to  by  air  introduced  by  sur- 
face exposure.  As  a  result,  the  frictional  resistance  to  the  passage 
of  water  is  less  than  in  an  intermittent  filter  and  the  period  between 
scrapings  is  longer.  These  conclusions  are  of  the  filtration  of  water 
of  about  the  chaiacter  of  that  of  the  Merrimack  River. 

liemoving  Air  from  FiHera  by  allowing  them  to  stand  with  Outlets 

closed  for  Twenty-four  Hours, 

It  has  been  found  that,  when  air  has  accumulated  in  the  pores  of 
a  continuous  filter  to  such  an  extent  that  it  interferes  with  and  de- 
creases the  rate  of  filtration,  allowing  the  filter  to  stand  inoperative 
for  twenty-four  hours,  with  its  surface  covered  with  water,  expels, 
absorbs  or  exhausts  the  air,  and  on  again  starting  filtration  the 
frictional  resistance  of  the  filter  to  the  passage  of  water  has  de- 
creased and  the  desired  rate  of  filtration  can  be  continued  for  a 
considerable  period  without  the  necessity  of  scraping.  The  fol- 
lowing record  illustrates  this  point. 

The  prescribed  rate  of  Filter  No.  8  A  is  5,000,000  gallons  per 
acre  daily,  and,  as  this  filter  is  one  two-hundredth  of  an  acre  in 
area,  to  maintain  this  rate  it  is  necessary  to  filter  25,000  gallons  of 
water  each  twenty- four  hours.  As  before  stated,  an  cfibrt  is  made 
to  operate  Filter  No.  3  B  at  the  same  rate. 
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Both  filters  were  scraped  on  a  certain  day  in  the  usual  manner, 
the  water  first  being  drained  from  them  sufficiently  to  allow  the  sur- 
face to  be  walked  upon.  This  draining  of  course  allowed  air  to  enter 
each  filter,  a  daily  occurrence  with  3  B  but  unusual  with  8  A  and 
occurring  only  at  times  of  scraping.  Both  filters  were  then  filled 
slowly  from  below  with  city  water  and  allowed  to  stand  for  twenty- 
four  hours  with  their  surfaces  covered  with  water.  On  putting  both 
filters  into  operation  again,  Filter  No.  8  A  allowed  only  14,738 
gallons  to  pass  through  it  in  the  first  twenty-four  hours  of  operation, 
although  the  outlet  valve  was  wide  open.  This  total  flow  increased 
daily  owing  to  the  absorption  or  expulsion  of  the  air  from  the  filter, 
until  on  the  fourth  day  it  was  21,004  gallons,  where  it  remained  for 
several  days.  Filter  No.  3  B,  on  the  other  hand,  on  being  put  into 
operation  after  scraping,  allowed  29,351  gallons  of  water  to  flow 
through  it  on  the  first  day  and  this  rate  decreased  daily  until  on  the 
fourth  day,  with  the  outlet  valve  wide  open,  the  total  flow  was  only 
22,000  gallons.  This  being  the  usual  action  of  these  two  filters  after 
being  scraped. 

After  Filter  No.  3  B  had  been  in  operation  four  days  following 
scraping  and  Filter  No.  8  A  seven  days,  both  filters  were  allowed  to 
stand  inoperative  for  twenty-four  hours  with  their  surfaces  covered 
with  water.  Following  this  treatment  it  was  possible  to  maintain 
the  desired  rate  of  flow  through  Filter  No.  8  A  for  seven  days. 
"With  Filter  No.  3  B,  however,  only  on  the  day  following  standing 
closed  did  the  volume  of  etiiuent  approximate  25,000  gallons,  and 
on  this  day  the  filter  was  operating  continuously. 

Summarizing,  it  can  be  said  that  when  Filter  No.  8  A  is  scraped 
to  remove  cloguing  and  air  allowed  to  enter  it,  on  again  starting  fil- 
tration, other  things  being  equal,  its  rate  of  flow  is  low  at  first  but 
increases  day  by  day  for  several  days.  When  Filter  No.  3  B  is 
treated  in  a  like  manner  its  rate  of  flow  is  greatest  on  the  day  fol- 
lowing such  treatment  and  decreases  daily. 

Allowing  both  filters  to  stand  inoperative  for  twenty-four  hours 
has  a  more  permanent  effect  upon  the  rate  of  Filter  No.  8  A  than 
upon  the  rate  of  Filter  So.  3  B. 
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Table  showing  the  Effect  of  closing  the  Outlet  of  TntermiUent  and  Continuous  Fil- 
ters, Nos.  3B  and  8  A,  for  Twenty-four  Hours,  at  Different  Seasons. 


Wamm  Wbatmks. 

Cold  Weathkb. 

XUMUS  or  FXLTEB. 

Average 

Tenpera- 

tare  of 

Effloent 

(DegreeeF.). 

AVSEAOS  MCMBKIOF  OALLOM8  ' 

nLTEMl)  KKR  ACKK  DAILT 

DUKIMG  THE  rBKlOD  FtOM  — 

Average 

Tempera- 
ture of 
Effluent 
(Degrees  F.)- 

AVKRAGB  MmeCR  OF  OALLOHS 

FILTKRKD  FBR  ACttK  DAILT 

DUKIKO  THE  rKBI<»U  mOX  — 

Rcraping 
to  Standing 

Closed 
for  M  Hoar*. 

8undlnir 
Cloned  tor  21 

HtHira 
to  tbe  nest    | 
Hcraping      i 

Rcraping 
'  toSt'iiidlng 
OlOM^ 
for  24  Hours. 

Staiidiitg 
CluMHl  lor  M 

llnura 

to  the  nest 

hCTsptng. 

8  Of         •        •        • 

O  A|               •             •              • 

68 
74 

8,878,000 
4,060,000 

8,641.000 
4,405,000 

40 
80 

8,848,000 
8.081,000 

S,W8,000 
S.aM.000 

This  table  shows  that  by  allowing  cootinuous  Filter  No.  8  A  to 
staDcl  closed  for  twenty-four  hours  in  cold  weather,  the  average  daily 
flow  increased  from  .-5,081, 000  gallons  per  acre  daily  to  3,395,000 
gallons  per  acre  daily,  an  increase  of  314,000  gallons.  In  warm 
weather,  on  the  other  hand,  the  average  daily  flow  fell  off*  from 
4,960,000  gallons  per  acre  daily  to  4,405,000  gallons  per  acre  daily, 
a  decrease  of  555,000  gallons.  The  reasons  why  the  flow  increased 
in  cold  weather  has  already  been  explained.  Turning  to  the  figures 
for  intermittent  Filter  No.  3  B  we  find  that  the  quantitative  capacity 
fell  off,  in  warm  weather,  from  3,878,000  gallons  per  acre  daily  to 
3,641,000  gallons,  or  6  per  cent.,  and  in  cold  weather  from  3,348,- 
000  gallons  per  acre  daily  to  2,958,000  gallons,  or  11  per  cent. 
From  this  we  may  infer  that  standing  closed  produced  less  effect  in 
cold  than  in  warm  weather.  The  reasons  for  this  are  found  in  the 
facts,  as  stated  on  page  517,  that  a  greater  quantity  of  air  collects  in 
the  sand  in  cold  weather,  and  also  because  the  viscosity  of  the  water 
is  greater  in  cold  weather.  These  two  factors  combine  to  increase 
the  frictional  resistance  to  the  passage  of  water  through  the  sand  and 
reduce  the  quantitative  capacity  of  the  filter. 

The  mechanical  disturbance  caused  by  spading  the  surface  has 
already  been  referred  to  in  connection  with  the  decrease  in  bacterial 
efficiency  which  follows  scraping,  and  it  has  been  shown  on  page  519 
that  the  quantitative  efficiency  of  an  intermittent  filter  is  greater 
than  that  of  a  continuous  filter  on  the  few  days  which  immediately 
follow  a  scraping.  It  is  interesting  to  note  in  this  connection  the 
avera<j:e  number  of  bacteria  in  the  cfHuents  of  filters  Nos.  3B  and 
8  A  on  the  days  after  a  scraping  in  181^6. 
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Average  Number  of  Bacteria  in  the  Effluents  of  Filters  Nos.  3  B  and  8  A  for  the 

Three  Days  following  Scraping^  1896, 


Ndmbis  of  Filtbb. 


Whole  Nnmber  of 
Timet  ftcrapad. 


Average  Nomber  of 

Bncteria  ptr  <  ubte 

Centimeter  In  Effluent. 


SB, 

8  A. 


88 
27 


This  table  shows  that  the  number  of  bacteria  per  cubic  ceoti meter 
was  greater  iu  the  effluent  from  intermittent  Filter  No.  3  B  than  in 
the  effluent  from  continuous  Filter  No.  8  A.  We  may  therefore 
infer  that  scraping  produced  the  most  marked  effect  on  the  bacterial 
efficiency  of  the  intermittent  filter,  but  it  must  also  be  remem1>ered 
that  the  rate  of  filtration  of  Filter  No.  3  B  has  been  greater  imme- 
diately after  scraping  than  the  rate  of  Filter  No.  8  A. 

Avlrage  Chemical  Analysis  for  the  Tear  1896  of  the  Effluents  of  Filters  Nos. 

3  Band  8  A, 

[ParU  per  100,000.] 


NUMBIR  Of  FiLTKB. 


3B, 

8  A, 


Rate. 

rial  tons 

per  Acre 

Daily. 

Ammumia. 

NiTBOORM  AS 

1 

Free. 

Alba- 
minold. 

a 
1 

s 

• 

SB 

2.834,000 

.20 

.0018 

.0001 

.21 

.027 

.0000 

3,678,000 

.20 

.0017 

.0086 

.21 

.027 

.0001 

1 

1 

9 
H 

o 


.29 
.29 


Inlermittent  and  Continuous  Filtration  of  Water  more  polluted  than 

Merrimack  River  Water, 

The  water  of  the  Merrimack  River,  while  seriously  polluted  by 
the  large  volume  of  sewage  flowing  into  it  from  the  cities  and  towns 
on  its  watershed  above  Lawrence,  and  unsafe  for  domestic  purposes 
without  filtration  because  this  sewage  pollution  brings  disease  germs 
into  it,  does  not,  as  it  flows  by  Lawrence,  contain  enough  organic 
matter  to  prevent  the  presence  in  it  of  oxygen  at  all  seasons  of  the 
year.  The  presence  of  this  dissolved  oxygen  is  the  reason  that  con- 
tinuous filtration  of  this  water  is  successful. 

During  the  past  year  two  filters,  containing  5  feet  in  depth  of  sand 
of  an  effective  size  of  0.23  millimeter,  have  been  in  operation,  re- 
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ceiviDg  water  more  seriously  polluted  than  that  of  the  river  and  hence 
containing  less  dissolved  oxygen.  The  water  applied  to  these  filters 
is  river  water  to  which  a  certain  proportion  of  sewage  was  added 
and  then  the  mixture  allowed  to  stand  for  a  period  before  flowing 
upon  the  filters.  This  period  of  standing  was  for  the  purpose  of 
exhausting  more  of  the  oxygen  of  the  river  water  than  would  have 
been  exhausted  if  the  mixture  had  been  applied  directly  to  the  fil- 
ters. One  of  the  filters  was  operated  continuously  and  the  other 
one  intermittently. 

» 
Average  Analysis  of  the  WcUer  applied  to  Filters  Nos.  68  and  69. 

[ParU  per  100.000.] 


AMM01CI4. 

Chlorine. 

i               NiTKOOIN  AS 

Oxygen 
CoDsamed. 

Becterf  A  per 

Cubic 
Cenumeter. 

Color. 

Fr«e. 

Albamtnotd 

,     Nitrates. 

nitrites. 

.47 

.1068 

.0432 

.M 

.025 

1 
1 

.0014 

.46 

180.000 

An  examination  of  this  table  shows  that  the  water  applied  to  these 
two  filters  has  contained  eleven  times  as  much  free  ammonia,  two  and 
one-half  times  as  much  organic  matter  determined  as  albuminoid  am- 
monia, and  twenty-four  times  as  many  bacteria  per  cubic  centimeter 
as  the  river  water.  (See  table,  page  532.)  In  regard  to  the  oxygen 
dissolved  in  the  water,  it  can  be  stated  that  it  averaged  much  less  than 
that  in  the  river  water  and  was  much  more  variable  in  amount  from 
day  to  day,  but  was  never  found  to  be  entirely  absent  in  the  water 
when  applied  to  these  two  filters,  except  upon  one  occasion.  The 
filters  were  put  in  operation  May  19  at  the  rate  of  5,000,000  gallons 
per  acre  daily ;  this  nite  was  reduced  May  25  to  2,500,000  gallons 
per  acre  daily,  and  on  August  20  to  1,000,000  gallons  per  acre  daily 
and  continued  at  this  rate  for  the  remainder  of  the  year.  As  stated 
before.  Filter  No.  68  was  operated  continuously  and  Filter  No.  69 
intermittently.  Dissolved  oxygen  was  always  present  in  the  effluent 
of  Filter  No.  69  while  it  was  not  found  in  the  effluent  of  Filter  No. 
68  on  numerous  occasions  during  the  warm  weather.  The  average 
amount — percentage  of  saturation  —  found  up  to  December  31,  in 
the  effluent  of  Filter  No.  68,  was  8.70,  and  in  the  effluent  of  Filter 
No.  69,  43.30.  During  the  first  two  months  of  operation  both  filters 
gave  effluents  containing  high  numbers  of  bacteria  and  showing  only 
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a  small  reduction  of  the  organic  matter  of  the  applied  water.  Dur- 
ing the  remainder  of  the  year  much  better  results  were  obtained  from 
both  filters  but  especially  from  intermittent  Filter  No.  69. 

Average  Monthly  and  Yearly  Bacterial  Efficiency  of  Filters  Nos.  68  and  69. 

[May  to  December,  inclailve,  1808.] 


Method 
of  Operation. 

AvcRAOS  P»  Cairr.  of  Baotbsia  Riicovicd  — 

KUMBKR  or 
KlLTKB. 

May. 

Jane. 

July. 

Ang. 

Sept 

Oct 

Not. 

Dec 

ATcrage. 

68,      .          .           . 
00.      .         .         . 

CoiitlDuoaa,     . 
Intermittent,  . 

40.80 
80.00 

14.83 
78.70 

87.72 
08.25 

00.75 
00.10 

05.53 
08.53 

07.02 
00.40 

06.03 
00.84 

08.48 
00.88 

76.80 
01.80 

During  December  the  average  daily  number  of  bacteria  found  in 
the  effluent  of  Filter  No.  68  was  more  than  2,000,  while  in  Filter  No. 
69  it  was  less  than  200,  and  it  is  apparent  from  this  table  that  the 
filters  improved  in  bacterial  efficiency  steadily  from  May  to  Decem- 
ber. It  is  also  apparent  that  the  intermittent  filter  improved  faster 
and  obtained  a  higher  degree  of  efficiency  than  the  continuous  Filter 
No.  68. 

The  average  rate  of  filtration  was  about  the  same,  but  in  order  to 
maintain  the  rate.  Filter  No.  6y  was  scraped  more  frequently  than 
Filter  No.  68,  on  account  of  the  frictional  resistance  to  the  fl(»w  of 
water  cau.«>cd  by  the  gelatinous  organic  matter  left  in  the  surface 
layers  of  the  sand  by  this  highly  polluted  water  and  its  power  to 
hold  the  air  introduced  by  the  surface  exposure  of  this  intermittent 
filter.  It  is  probable  that  raking  the  filter  would  have  been  as  effec- 
tive in  many  instances  as  scraping,  and  of  course  more  economical. 

The  chemical  purification  of  the  applied  water  that  was  effected  by 
these  two  filters  is  shown  by  the  following  table :  — 


Effluent  of  Fillers  Nos,  68  and  69. 

[ParU  per  100,000.] 


NUMBKR  OF  FiLTEI. 


68, 
69, 


Avonige 
Uiite. 

Gallons 

per  Acre 

Dally. 


o 


1,766,000 
1,831,000 


.40 
.25 


AmiONIA. 

•d 

o 

• 

1  e 

s 

£l 

h« 

■< 

.1666 
.0885 


.0202 
.0183 


e 


.64 
.64 


NiTSOORM  A8 


8 

s 


.048 
.147 


.0016 
.0018 


•d 

V 

a 

a 


M 

o 


.32 
.25 
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Omitting  the  results  obtained  during  the  first  two  months  of  opera- 
tion of  these  filters,  we  have  the  following  averages :  — 


Effluent  of  Fillers  Nos,  68  and  69. 

[ParU  per  100,000.] 


VlJMBBB  or  FiLTBB. 


Avwuge 
Mute. 

Oalluns 

p«T  Acre 

Datlj. 


1.447,000 
1,871.000 


.85 
.S4 


AXMOKIA. 

•d 

9 

Z  = 

I 

11 

h. 

< 

.1402 
.0176 


.0250 
.0181 


KlTROOKM  AS 

• 

s 

i 

i 

s 

z, 

X 

.020 
.160 


.0018 
.0614 


For  further  details  in  regard  to  these  filters  see  pages  558  to  564. 


Double  Filtration  of  Highly  Polluted  Waters. 

By  the  filtration  of  a  hijrhly  polluted  water  through  filters  Nos.  68 
and  69,  a  considerable  degree  of  purification  has  been  obtained. 
This  is  especially  true  of  the  results  obtained  by  intermittent  Filter 
No.  69,  which  towards  the  end  of  the  year  produced  an  etfiuent  not 
only  quite  pure  chemiadly  but  with  comparatively  low  numbers  of 
bacteria.  Whether  a  water  of  the  character  of  that  applied  to  these 
filters  would,  with  the  purification  obtained  by  Filter  No.  69  towards 
the  end  of  the  year,  be  a  safe  water  for  domestic  purposes  is  a  sub- 
ject of  considerable  importance,  but  not  one  upon  which  much  data 
can  be  given  at  the  present  time.  A  study  of  the  degree  of  purifi- 
cation to  be  obtained  by  a  second  filtration  of  this  water,  that  is,  a 
filtration  of  the  effluent  of  filters  Nos.  68  and  69,  was  begun  Septem- 
ber 18.  A  filter  containing  5  feet  in  depth  of  sand  of  an  efiective 
size  of  0.23  millimeter  was  put  in  operation,  receiving  the  combined 
effluents  at  the  rate  of  5,000,000  gallons  per  acre  daily.  This  ap- 
plied water  stood  in  a  wooden  collecting  basin  before  going  to  the' 
filter,  and  the  number  of  bacteria  increased  either  by  growth  or  con- 
tamination, so  that,  as  applied  to  the  filter,  its  bacterial  contents 
were  somewhat  higher  than  when  flowing  from  filters  Nos.  68  and 
69.  This  last  filter  was  designated  Filter  No.  79,  and  during  the 
first  two  months  of  operation  its  bacterial  efficiency  was  low,  being 
only  54. ip  per  cent.,  due,  in  part,  it  is  now  believed,  to  the  passage 
of  a  small  percentage  of  the  water  down  the  side  of  the  filter,  and 
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not  through  the  sand.  At  any  rate,  when  this  was  suspected  and  the 
filter  reconstructed  upon  November  20,  the  bacterial  efficiency  of  the 
filter  became  slightly  higher. 

The  main  cause  of  the  low  efficiency,  however,  was  undoubtedly 
due  to  the  fact  that  the  water  applied  to  the  filter  had  already  passed 
through  the  5  feet  of  sand  in  either  Filter  No.  68  or  No.  69  and  been 
largely  relieved  of  that  organic  matter  originally  present  in  it  which 
is  deposited  upon  the  sand  grains  and  forms  the  gelatinous  coating  so 
important  in  producing  satisfactory  bacterial  results.  It  will  be  re- 
membered in  this  connection  that  in  the  report  of  the  Board  for  1894, 
pages  586  to  589,  inclusive,  results  obtained  by  applying  Lawrence 
city  (filtered)  water  to  five  sand  filters  are  given  and  discussed.  In 
this  experiment  the  filters  used  had  all  been  in  operation  filtering  river 
water  during  the  previous  year,  and  although  they  bad  remained  out 
of  operation  for  a  period  of  several  months  immediately  preceding  the 
application  to  them  of  this  filtered  water,  yet  their  sand  grains  held 
a  considerable  coating  of  organic  matter,  as  shown  by  the  tables  on 
pages  602-604,  in  the  same  report.  Notwithstanding  this  fact,  how- 
ever, <'it  was  not  until  their  fourth  week  of  operation  that  the 
number  of  bacteria  in  any  of  the  effluents  became  as  low  as  that  in 
the  city  water  applied,"  and  the  decrease  after  this  period  was  very 
gradual. 

With  Filter  No.  79,  then,  constructed  of  clean  sand  almost  entirely 
free  from  organic  matter,  it  is  not  surprising  that  even  a  longer  period 
has  been  required  to  obtain  a  condition  of  the  sand  capable  of  giving 
satisfactory  bacterial  efficiency,  even  though  the  filtered  water  applied 
has  not  averaged  so  free  from  organic  matter  as  the  city  filtered  water 
applied  to  the  filters  in  1894  in  the  experiment  referred  to. 

If  a  water  containing  more  organic  matter  had  been  applied  to 
Filter  No.  79,  a  shorter  period  of  low  efficiency  would  have  resulted, 
because  the  sand  grains  would  have  become  more  quickly  covered 
with  this  organic  matter. 

Increased  Number's  of  Bacteria  found  in  the  Effluents  of  Filters 

after  standing  dosed  for  Twenty-four  Hours. 

Bacterial  analyses  show  that  the  number  of  bacteria  in  the  effluent 
from  the  water  filters  increased  when  the  filters  stood  inoperative 
for  twenty-four  hours.  In  order  to  make  repairs  the  water  was 
drawn  out  from  the  Essex  Company's  canal  frequently  during  the 
year,  and  at  such  times  the  outlets  of  the  water  filters  were  shut  and 
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the  filters  allowed  to  stand  with  their  surfiices  covered  with  water. 
Unusually  great  numbers  of  bacteria  were  found  in  some  of  their 
effluents  when  they  were  again  put  into  operation. 

Avereige  Number  of  Bacteria  per  Cubic  Centimeter  in  the  Effluents  from  the  Water 

Filters  before  and  after  standing  closed. 


FiLTKBS  NDMBKBA  — 

SB. 

7  A. 

SA. 

18. 

SS. 

4S. 

•»• 

•». 

•«. 

Day  befora,              • 
Daj  after,  .... 

S4 
24 

1S7 

10 
88 

42 
102 

40 
681 

82 
168 

47 
174 

81 
124 

M 
SIS 

From  this  table  it  is  apparent  that  intermittent  Filter  No.  3  B  was 
less  affected  than  its  continuous  mate,  Filter  No.  8  A.  It  is  also 
apparent  that  the  continuous  Filter  No.  33,  constructed  of  fine  sand 
and  operated  at  a  low  rate,  was  affected  in  a  greater  degree  than  were 
any  of  the  other  filters.  It  is  also  true  that  the  water  which  passed 
through  it  was  deprived  of  its  dissolved  oxygen  to  a  greater  degree 
than  in  the  instance  of  the  other  filters,  because  the  slow  rate  of  fil- 
tration and  the  compnctncss  of  the  sand  gave  a  great  opportunity 
for  the  organic  matter  in  the  sand  to  combine  with  the  oxygen  car- 
ried in  the  water. 

Average  Per  Cent,  of  Saturation  of  Dissolved  Oxygen  in  the  Effluents  from  the 

Water  Filters,  1896. 


FlLTKBS   NCMBEBB  — 

SB. 

7A. 

SA. 

ss. 

4S. 

•t. 

•«• 

•4. 

Per  cent,  of  Mturatlon,  .       . 

84 

68 

07 

40 

71 

46 

61 

66 

In  this  table  the  average  per  cent,  of  saturation  of  the  effluent  of 
Filter  No.  33  is  given  as  40,  but  as  an  actual  matter  of  fact  the  efflu- 
ent from  Filter  No.  33  often  contained  less  than  1  per  cent,  of  the 
oxygen  necessary  for  saturation. 

When  the  filters  were  put  into  operation  after  standing  inoper- 
ative, analyses  of  the  effluents  collected  at  different  hours  showed 
that  the  number  of  bacteria  per  cubic  centimeter  was  greater  in  the 
first  portion  of  the  effluent  than  in  the  portion  of  the  effluent  which 
issued  after  the  filter  had  been  in  operation  for  several  hours.  This 
is  well  shown  in  the  following  table :  — 
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Number  of  Bacteria  per  Cubic  Centimeter  in  the  Effluent  from  Filters  Nos.  8  A^ 
33  and  43 ,  after  standing  closed  for  IHventy-four  HourSy  Nov.  15 ^  IS 96* 


FiLTKB  NUMBKI. 


8  A, 

88, 
48, 


IH  8AMPLK8  COLLBCTBD  AFTKB  THB  VALVB  HAD  BBBM  OPBM  POB" 


5  Minutes. 


IHour. 


2  Hours. 


11 

82 

628 


16 
236 
149 


18 

216 

06 


4  Hours. 


6  Hours. 


8  Hours. 


21 
118 
117 


18 

08 

112 


16 
44 

100 


These  samples  were  collected  in  November,  when  the  applied 
water  was  nearly  saturated  with  dissolved  oxygen  and  the  dissolved 
oxygen  in  the  effluent  from  Filter  No.  33,  for  the  month,  averaged 
80  per  cent,  of  that  necessary  for  saturation. 

After  Filter  No.  33  A  had  stood  closed  for  several  hours,  in  warm 
weather,  the  effluent  often  contained  great  numbers  of  bacteria,  as 
shown  in  the  following  table  :  — 

Number  of  Bacteria  per  Cubic  Centimeter  in  the  Effluent  from  Filter  No.  33  -4, 

on  Sept  21, 1896* 

Ik  Samplbs  collbctbd  aptbb  thb  Valvb  had  bbbn  Opbb  roB  — 


6  Minutes. 

IHour. 

2  Hours, 

4  Hours. 

6  Hours. 

8  Hours. 

24  Hours. 

1,608 

1,246 

1,143 

1.040 

632 

668 

118 

*  The  filter  stood  closed  over  Bundsy,  September  20. 


The  high  numbers  of  bacteria  found  in  the  effluent  might  have 
been  due  to  several  causes.  For  instance,  the  bacteria  might  have 
grown  on  the  organic  matter  in  the  sand,  or  the  mechanical  disturb- 
ance made  by  opening  the  valve  suddenly  might  have  formed  chan- 
nels through  the  sand,  or  the  bacteria  which  were  present  in  the 
water  before  closing  might  have  multiplied  gradually. 

In  order  to  determine  which  of  these  factors  was  the  probable 
cause  of  the  high  numbers,  city  water  was  applied  to  Filter  No.  33 
on  September  25  and  26.  Up  to  September  24  canal  water  had 
been  applied  to  Filter  No.  33,  and  city  water  was  now  applied 
because  it  contained  certain  characteristic  and  easily  identified 
species  of  bacteria.     After  the  filter  had  become  seeded  with  these 
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species  they  ought  to  have  multiplied  abundantly  if  the  increase  was 
due  to  the  fact  that  the  bacteria  fed  on  the  organic  matter  in  the 
sand.  Analyses  showed,  however,  that  the  majority  of  the  bacteria, 
forming  the  high  numbers  in  the  effluent,  did  not  belong  to  the 
species  which  were  characteristic  of  the  city  water. 

When  the  filter  was  put  into  operation  again  on  Septeml>er  28, 
after  standing  closed  for  twenty-four  hours,  canal  water  was  applied 
as  usual,  and  if  any  channels  had  been  formed  in  the  sand,  the  num- 
ber of  bacteria  in  the  effluent  ought  to  have  been  greatest  when  the 
canal  water  first  worked  its  way  through  the  filter.  The  applied 
water  required  about  eight  hour:)  to  pass  through  the  sand,  and  as 
a  matter  of  fact  the  numbers  of  bacteria  had  begun  to  decrease  by 
that  time,  as  shown  in  the  following  table  :  — 

Number  of  Bacteria  per  Cubic  Centimeter  in  the  Effluent  from  Filter  No.  ^3  A^ 

on  Sept.  23,  2896. 


ArritB  TBB  Valtb  had  BKBif  Opbn  fob— 


ft  Mlnotei. 

1  Uour. 

3  Hoori. 

4  Hoart. 

5  Ilours. 

6  Honrt. 

8  Boon. 

10  Hoora. 

24Howi. 

2,3M 

2,M6 

2,145 

8,096 

8,072 

2,808 

1,082 

1.071 

872 

This  table  shows  the  numbers  of  bacteria  found  in  the  effluent 
increased  from  the  first  to  the  fifth  hour  and  then  decreased  steadily. 
It  is  evident,  therefore,  that  the  high  numbers  were  not  due  to  the 
presence  of  canal  water,  which  had  been  purified  only  partially  in 
its  passage  through  the  sand.  Experiments  made  on  other  days 
showed  that  the  number  of  bacteria  found  in  the  effluent  decreased 
steadily  from  the  time  when  the  valve  was  first  opened.  This  is 
well  illustrated  by  the  table  on  page  527. 

In  order  to  make  a  more  complete  test  for  channels  through  the 
sand,  a  pure  culture  of  J3.  prodigiosus  was  added  to  the  applied  water 
on  September  2(3  and  28,  but  the  organism  was  found  in  only  two 
samples  of  the  effluent.  Had  there  been  any  channels  through  the 
sand  it  would  have  appeared  in  greater  numbers. 

The  bacteria  which  were  most  common  in  the  effluent  belonged 
to  a  single  species,  as  is  shown  in  the  following  table,  giving  the 
number  of  bacteria  which  belonged  to  each  of  the  four  species  found 
most  frequently  in  the  effluent  from  Filter  No.  33  A  on  Sept.  28, 
1896 :  — 
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B 
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This  table  iadicRtea  that  aa  average  of  about  65  per  cent,  of  the 
bacteria  found  in  the  effluent  belonged  to  species  No.  6,  one  of  the 
class  of  bacteria  which  is  known  as  Facultative  Anaerobes,  or  bac- 
teria which  can  grow  without  access  to  air.  Attention  has  already 
been  called  to  the  fact  that  thia  species  was  especially  prevalent  in 
the  [>ortioD  of  the  effluent  which  issued  during  the  first  six  hours, 
when  the  water  contained  the  smallest  amount  of  dissolved  oxygen. 

These  bacteria  appeared  in  the  effluents  from  the  various  other  fil- 
ters, but  in  smaller  numbers. 

The  results  of  the  foregoing  experiments  and  analyses  indicate  that 
the  high  numbers  of  bacteria,  which  appeared  in  the  effluents  from 
filters  after  they  had  stood  closed  for  twenty-four  hours,  were  not  due 
to  a  growth  of  many  kinds  of  bacteria  on  the  organic  matter  in  the 
sand,  nor  to  channels  in  the  sand  made  by  throwing  the  valve  open 
suddenly,  but  were  largely  due  to  the  natural  multiplication  of  a 
single  species. 

Period  of  Service  of  a  Filter  and  its  Influence  upon  Bacterial 

Efficiency. 
The  efflciency  of  a  filter  in  removing  bacteria  increases  as  the 
organic  matter  upon  and  between  the  sand  grains  increases.  The 
volume  of  water  that  can  pass  through  the  filter  in  a  given  time 
decreases  as  the  organic  matter  increases.  A  new  filter  containing 
sand  of  an  elfective  size  of  0.23  millimeter,  such  sand  as  in  filters 
Nos.  3  B  and  8  A,  will,  with  an  acting  head  equal  to  the  depth  of 
the  filter,  allow  water  to  pass  at  the  rate  of  43,000,000  gallons  per 
acre  daily  ;  the  desired  rate  of  filtration  being  obtained  by  checking 
the  flow  at  the  outlet  of  the  filter.  As  the  surface  clogs,  this  need 
of  checking  the  flow  grows  less,  until  even  with  the  outlet  gate  wide 
open  and  with  an  acting  head  equal  to  the  depth  of  the  filter  the  rate 
of  flow  will  not  be  equal  to  the  rate  of  filtration  desired.     The  filt^^ 
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sarface  is  then  scraped  and  the  removal  of  sediment  and  organic  mat- 
ter puts  the  main  body  of  sand  in  a  condition  such  that  its  maximum 
rate  is  nearly  or  quite  equal  to  its  initial  maximum  rate.  As  the 
filter  continues  in  operation,  however,  the  organic  matter  gradually 
penetrates  deeper  into  the  body  of  sand,  so  that  the  maximum  rate 
becomes  decidedly  less,  even  with  a  freshly  scraped  filter  surface. 
This  organic  matter  not  only  retards  the  flow  of  water  but  acts  in 
the  same  manner  as  the  surface  scum  or  schmutiidecke  in  removing 
bacteria,  and  is  of  especial  value  in  making  good  bacterial  e£Sciency 
possible  when  the  filter  is  first  put  into  operation  after  a  surface  dis- 
turbance. 

At  the  end  of  1896,  after  filters  Nos.  3B  and  8  A  had  been  in 
operation  for  more  than  three  years,  an  examination  of  the  sand  in 
each  filter  showed  the  following  amounts  of  nitrogen  present  in  parts 
per  100,000  by  weight  of  dry  sand  :  — 

Nitrogen, 

[ParU  per  100,000.] 


Dbpth  (Ikchbs). 

Filter 

No  SB 

(Intermittent). 

Filter 

No.  dA 

(Oontlnuuai). 

Drpth  (Ikchbs). 

Fitter 

No.  SB 

(Intermlttmit). 

Filter 

No.  9  A 

(Contlnoone). 

0-1 

85.4 

38.4 

lOf            •              •               •               • 

2.1 

2.8 

8,      .       .       .       . 

15.0 

26.2 

^%f            •              •               •               • 

1.8 

2.0 

6,      .       .       .       . 

8.6 

16.4 

309            •              •               •              • 

2.0 

1.8 

9 

5.8 

8.0 

4Uf       •         •         •         ■ 

2.0 

1.8 

12.      ...        . 

3.6 

6.2 

The  total  amount  of  organic  matter  upon  the  grains  of  sand  is 
shown  more  clearly  by  the  following  table,  giving  the  per  cent,  by 
weight  of  dry  sand  which  the  samples,  taken  from  the  different 
depths  in  the  filter,  lose  upon  ignition  :  — 

Loss  on  Ignition, 

[Per  Cent,  of  Weight.] 


DbPTB  (iMCBBt). 

Filter 

No   SB 

(Intermittent). 

FUier 

No  SA 

(Continuous). 

Dbpth  (iNoeBt). 

Filter 

No.  SB 

(Tntermment). 

Filter 

No.  a  A 

(CtentiniKNu). 

0-1 

1.31 

1.21 

18,      ...       . 

0.40 

0.49 

8 

0.76 

0.88 

24 

0.48 

0.40 

8,      .        .        .        . 

0.62 

0.73 

30|        .... 

0.50 

0.48 

9 

0.54 

0.57 

40 

0.44 

0.87 

M 

0.54 

0.58 
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Beach  Sand  and  Berkshire  Sand. 

Upon  Sept.  2,  1895,  a  filter  was  constructed  containing  48  inches 
in  depth  of  sand  obtained  from  Plum  Island,  twenty  miles  from 
Lawrence,  upon  the  seashore.  The  object  of  this  filter  was  to  study 
the  eflSciency  in  water  filtration  of  sand  from  a  difierent  locality,  and 
perhaps  of  a  difierently  shaped  grain  from  the  sands  of  the  vicinity 
of  Lawrence  which  had  been  used  in  all  the  water  filters  previously 
constructed  at  the  station. 

Two  filters  were  also  constructed  at  the  same  time  of  Berkshire 
sand,  a  white,  sharp,  pure  quartz  sand,  such  as  is  used  in  the  manu- 
facture of  glass.  These  filters  contained  24  and  12  inches  in  depth 
of  sand  respectively. 

During  the  first  year  of  operation  of  Filter  No.  62,  containing  the 
beach  sand,  its  bacterial  efficiency  was  98.93  per  cent.,  and  during 
its  second  year  its  efficiency  was  99.25  per  cent.  Its  rate  of  opera- 
tion for  the  two  years  was  4,700,000  and  4,880,000  gallons  per  acre 
daily  respectively.  Comparing  these  results  with  those  obtained  by 
filters  Nos.  48  and  49,  in  operation  during  1893,  1894  and  1895, 
and  containing  Lawrence  sand  of  about  the  same  efiective  size  as  the 
beach  sand,  shows  that  the  beach  sand  was  fully  as  efficient  as  the 
Lawrence  sand.  The  same  statement  can  also  be  made  in  rec^ard  to 
the  Berkshire  sand. 

The    Water  taken  from  the  Merrimack  River  and  applied  to  the 

Experimental  Filters. 

The  water  applied  to  the  filters  during  1896  has  been  Merrimack 
River  water  taken  from  the  Essex  Company's  canal.  The  large 
12-inch  pipe  from  the  canal  to  the  station  was  removed  during  the 
year  and  a  new  6-inch  pipe  laid.  This  new  pipe  is  under  ground, 
while  the  12-inch  pipe  was  above  ground  and  could  not  be  used  dur- 
ing cold  weather,  making  us  dependent  upon  water  drawn  through 
a  small  pipe  from  the  canal.  With  the  new  pipe  an  ample  supply 
can  he  obtained  at  all  seasons. 

The  results  of  the  analyses  of  the  water  as  it  flows  upon  the  filters 
are  given  in  the  next  two  tables ;  the  first  giving  the  average  daily 
results  of  two  or  more  bacterial  determinations  and  the  second  giving 
the  monthly  avera<res  of  the  chemical  analyses,  together  with  the  re- 
sults of  bacterial  determinations  of  samples  taken  at  the  same  time 
that  the  samples  for  chemical  analysis  were  taken. 
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Afonlhly  Averagei  of  Anaiytes  of  Canal  Water  (Merrimaek  Bivtr"). 

(ParU  par  100,000.] 
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Application  of  Bacillus  Prodigiosus. 

Pure  cultures  of  B.  prodigiosus  were  applied,  together  with  the 
caoal  water,  to  filters  Nos.  3B,  7  A,  8A,  33,  43,  68,  69  and  79,  at 
different  periods  from  July  to  November.  The  method  of  applying 
the  germs  has  been  described  in  earlier  reports  (see  annual  report 
of  the  Board  for  1892,  page  529),  and  during  1896  the  same  syBtem 
has  been  followed,  except  that  they  were  applied  in  smaller  num- 
bers. The  pure  culture  of  B.  prodigiosus  was  prepared  for  appli- 
cation by  inoculating  a  solution  containiug  one-teoth  of  a  per  cent, 
of  peptone  and  two-tenths  of  a  per  cent,  of  glucose  dissolved  in  city 
water  with  a  pure  culture  of  the  bacilli  and  allowing  them  to  grow 
four  days  at  30  degrees  C.  This  mixture  was  applied  to  filters  Noa. 
3  B,  7  A  and  8  A ,  from  July  1  to  October  6,  in  the  proportion  of  one 
part  of  the  mixture  to  170,000  parts  of  canal  water,  at  intervals  of 
one  hour  for  ten  hours  a  day  on  six  days  in  a  week. 

From  July  26  to  November  30  the  mixture  was  applied  to  filters 
Nos.  68  and  69,  and  from  October  27  to  November  30  the  mixture 
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was  applied  to  Filter  No.  79,  in  the  proportion  of  one  part  to  170,000 
parts  of  canal  water. 

As  has  been  stated  on  page  525.  the  effluent  from  Filter  No.  33  A 
often  contained  great  numbers  of  bacteria.  In  order  to  determine 
whether  these  organisms  worked  their  way  through  the  filter  by 
channels  in  the  sand,  the  B.  pivdigiosus  mixture  was  applied  to 
33  Ay  in  the  proportion  of  one  part  to  170,000  parts  of  canal  water, 
from  July  14  to  28.  On  September  21  the  amount  was  doubled  and 
the  mixture  applied  for  two  weeks  in  the  proportion  of  one  part  to 
85,000  parts  of  canal  water.  On  October  26  and  30,  November  6 
and  16,  the  mixture  was  applied  for  one  day  in  the  same  propor- 
tion. 

Besides  the  filters  already  mentioned,  Filter  No.  43  was  tested  on 
November  16  by  the  application  of  one  part  of  mixture  to  85,000 
parts  of  canal  water. 

The  following  table  contains  the  average  number  of  B.prodigiotus 
cells  per  cubic  centimeter  in  the  applied  water :  — 


Avercige  Number  per  OtMo  CerUimeUr  of  BtwiUus  Prodigiosus  in  Applied 

Water  for  Ten  Hours  Daily,  1896. 


DAT  OF  MOVTH. 


July. 


AogniL 


September. 


Oetober. 


mormwb&t. 


1. 
% 
8. 
4, 
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7. 
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M. 
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IT. 
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M. 
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12 
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Work  of  the  Water  Filters,  1896. 

The  remainder  of  this  report  apon  water  filtration  gives  the  de- 
tails in  regard  to  the  construction  and  operation  of  the  water  filters, 
together  with  tables  of  the  results  obtained. 

Filter  No.  3  B. 

This  intermittent  filter,  one  two-hundredth  of  an  acre  in  area, 
was  started  Sept.  23,  1893,  and  contained  60  inches  in  depth  of 
sand  of  an  effective  size  of  0.23  millimeter.  The  history  of  this 
filter  up  to  Jan.  1,  1896,  has  been  published  in  the  annual  reports 
of  the  Board.  The  method  of  treatment  and  the  points  in  connec- 
tion with  the  operation  of  the  filter  which  were  of  special  importance 
during  1896  are  described  in  the  following  paragraphs. 

The  whole  number  of  gallons  filtered  during  the  year  amounted  to 
4,630,261,  and  the  rate  averaged  2,867,000  gallons  per  acre  daily. 
The  gate  in  the  canal  water  pipe  was  closed  daily  (excepting  Sun- 
days) at  5  A.M.  The  surface  became  and  remained  uncovered  for 
two  hours  during  the  warmest  part  of  the  day  as  a  result  of  this 
treatment.  On  October  31a  roof  of  heavy  planking  was  built  over 
the  filter  in  order  to  protect  it  from  the  weather;  on  November  12 
the  top  and  sides  of  this  roof  were  covered  with  two  feet  of  sand. 
From  June  13  to  19  Filter  No.  3B  ran  continuously.  During  the 
years  1893,  1894,  1895  and  part  of  1896  the  filter  ran  continuously 
on  Sunday,  excepting  when  closed,  but  after  Nov.  1,  1896,  the  filter 
ran  intermittently  on  Sunday,  excepting  when  closed.  The  largest 
of  the  two  pipes  which  supplied  the  filter  with  canal  water  was 
closed  on  account  of  cold  weather  in  November,  1895.  The  rate 
of  Filter  No.  3  B  was  therefore  reduced  to  1,500,000  gallons  per 
acre  daily  from  Nov.  24,  1895,  to  April  19,  1896.  On  April  20  the 
rate  was  increased  to  4,000,000  gallons  per  acre  daily ;  and  the  rate 
was  again  increased  on  June  29  to  5,000,000  gallons  per  acre  daily. 
On  the  days  when  the  gate  was  opened  after  scraping,  and  on  several 
days  after  the  filter  had  stood  closed  for  several  hours  on  account  of 
low  water  in  the  canal,  the  filter  ran  continuously  for  twenty-four 
hours.  High  water  in  the  river  flooded  the  filter  on  March  I,  and 
the  gate  in  the  efQuent  pipe  was  shut  until  March  9.  On  March  10 
the  filter  was  drained,  the  river  silt  scraped  from  the  surface  and 
the  filter  filled  slowly  with  city  water  from  below. 
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Owing  to  the  fact  that  the  water  was  drawn  down  in  the  canal,  the 
gate  on  the  outlet  had  to  be  closed  for  periods  varying  from  three  to 
foar  hours  on  the  following  dates :  January  4,  12,  26,  February  6, 

9,  16,  May  2,  16,  23,  30,  June  27,  July  11,  25,  August  1,  11, 
September  12,  19,  26,  October  17,  November  7,  14.  The  gate  was 
also  closed  on  the  following  dates  for  longer  periods :  during  the 
freshet  on  March  1  the  gate  was  closed  for  two  hundred  and  fifty- 
four  hours ;  for  sixty-nine  hours  while  the  new  canal  pipe  was  being 
laid,  on  August  7,  8,  9 ;  and  for  sixty-three  hours  on  September  5, 
6,  7.  During  all  of  these  periods  the  filter  remained  covered  with 
water. 

In  order  to  remove  clogging  at  the  surface,  one-half  an  inch  of  sand 
(approximately)  was  removed  by  scraping  the  surface  on  January  3, 
29,  February  11,  May  11,  27,  June  17,  July  7,  21,  August  5,  13, 
31,  September  24,  October  13,  22,  29,  November  10, 19,  December 

10,  31.  After  scraping  the  surface,  the  filter  was  raked  to  a  depth  of 
1  inch  and  city  water  was  applied  slowly  from  below  until  it  covered 
the  surface.  After  the  surface  became  covered,  canal  water  was  ap- 
plied and  the  filter  put  into  operation,  as  soon  as  the  depth  of  water 
on  the  surface  reached  16  inches.  On  March  24  a  strip  3  feet  wide 
was  scraped  across  the  filter,  the  sand  below  this  strip  was  then 
spaded  6  inches  deep,  and  canal  water  applied  at  once  from  above. 
This  experiment  was  tried  in  order  to  show  the  effect  produced  by 
scraping  and  disturbing  a  small  section  of  a  filter  at  a  time.  On 
April  8  and  November  19  the  whole  surface  was  scraped,  and  then 
spaded  over  from  6  to  9  inches  deep.  Canal  water  was  applied  upon 
the  surface  instead  of  filling  from  below  after  scraping  on  April  8. 
A  slight  growth  of  spirogyra  appeared  on  the  surface  of  the  filter 
during  July  and  August.  The  exposure  to  the  sun's  rays  while  the 
surface  was  uncovered  each  day  checked  the  growth  of  this  algas  and 
prevented  it  from  forming  such  great  masses  as  developed  upon  con- 
tinuous Filter  No.  8  A.  The  mixture  of  B.  prodigiosus  (described 
on  page  533)  was  applied  to  Filter  No.  3  B  for  ten  hours  a  day  from 
July  1  to  November  24,  in  the  proportion  of  one  part  to  33,000 
parts  of  canal  water. 

Bacteriological  analyses  were  made  each  day,  excepting  on  Sun- 
days, of  four  samples  of  effluent  collected  at  different  hours.  The 
average  number  of  bacteria  per  cubic  centimeter  found  in  these  sets 
of  samples  is  given  in  the  record  of  daily  analyses  in  the  following 
table :  — 
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Average  Daily  Number  of  Bacteria  per  Oubie  (knUmeter  in  the  Effluent  of  FUter 
No.  3  B,  lS9e. 
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JBffluenl  of  FiUer  No.  3  B. 
[Fwti  pH  loo.aoo.] 
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Filter  1^0.  7  A. 

This  continuous  filter,  one  two-bundredtb  of  ao  acre  in  area,  waa 
started  July  20,  1894,  and  contained  24  inches  in  depth  of  sand  of 
an  effective  size  of  0.26  millimeter.  The  history  of  the  filter  up  to 
Jan.  1,  1896,  has  been  published  in  the  annual  reports  of  the  Board. 
The  points  in  connection  with  the  operation  of  the  filter  which  were 
of  special  importance  during  1896  are  described  in  the  following 
paragraphs. 

The  filter  was  not  operated  from  Nov.  24, 1895,  uotil  April  13, 1896, 
but  on  the  latter  date  was  put  in  operation  at  a  prescribed  rate  of 
5,000,000  gallons  per  acre  daily.  The  whole  number  of  gallons 
filtered  amounted  to  4,813,825,  and  the  rate  averaged  4,124.000 
gallons  per  acre  daily  for  the  period  of  oiieration.  A  short  trap  at- 
tached to  the  outlet  prevented  air  from  entering  the  filter  at  the  bottom. 

Spirogyra  grew  in  masses  and  clogged  the  surface  of  the  filter 
badly  during  July  and  August.     The  depth  of  water  on  the  surface 
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of  the  filter  was  kept  at  32  inches  aotil  July  1,  when  it  was  reduced 
to  16  inches.  A  roof  of  heavy  planking  was  built  over  the  filter  on 
October  31  in  order  to  protect  it  from  the  weather ,  and  the  top  and 
sides  of  the  roof  were  covered  with  2  feet  of  sand  on  November  12. 

Owing  to  low  water  in  the  canal  the  gate  on  the  outlet  was  closed 
for  periods  varying  from  three  to  twenty-four  hours  on  the  following 
dates :  May  2,  16,  23,  June  27,  July  11,  25,  August  1, 11,  Septem- 
ber 12, 19,  26,  October  17,  November  7, 14,  21.  The  gate  was  closed 
on  the  following  dates  for  a  longer  period  of  time  :  from  April  17  to 
20  for  sixty-one  hours,  on  account  of  high  water ;  from  August  7  to  9 
for  sixty-nine  hours ;  and  September  5  to  7  for  sixty-three  hours. 
During  all  of  these  periods  the  surface  remained  covered  with  water. 

In  order  to  remove  clogging  at  the  surface,  one-half  an  inch  of 
sand  (approximately)  was  removed  by  scraping  the  surface  of  the 
filter  on  May  9,  30,  June  25,  July  15,  22,  August  7,  20,  Septem- 
ber 1,  15,  October  2,  14,  23,  November  12,  28. 

After  scraping,  the  filter  was  filled  slowly  with  city  water  from 
below,  and  as  soon  as  the  surface  became  covered  canal  water  was 
turned  on,  and  the  gate  on  the  effluent  pipe  opened  when  the  depth 
of  water  on  the  surface  reached  16  inches.  After  scraping -and  fill- 
ing from  below  on  May  30,  the  gate  on  the  effluent  pipe  was  closed 
for  fifty  hours.  Instead  of  being  scraped  the  surface  was  raked  1  inch 
in  order  to  remove  clogging,  and  the  filter  filled  slowly  from  below 
with  city  water  on  December  24. 

A  mixture  containing  a  pure  culture  of  B.  prodigiosus  was  applied 
for  ten  hours  a  day  from  July  1  to  October  9,  in  the  proportion  of 
one  part  of  mixture  to  170,000  parts  of  applied  canal  water. 

Bacteriological  analyses  were  made  each  day  excepting  Sunday  of 
four  samples  of  effluent  collected  at  different  hours,  and  the  average 
number  of  bacteria  per  cubic  centimeter  found  in  these  samples  b 
given  in  the  record  of  daily  analyses  in  the  following  table :  — 
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Average  Daiiy  Number  of  BaeUria  per  Cubic  CeiMmeUr  in  EffltteiU  of  FOter 
No.  7  A.  1896. 
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Monlhlff  Averages  of  Anab/ie»  of  Effluent  of  Filler  No.  7  A. 

[Part*  per  lOO.OOO.] 
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Filter  1^0.  8 A. 

Tbie  contiDuoue  filter,  one  two-hundredth  of  an  acre  in  ares,  was 
started  Sept.  26,  1893,  and  contained  60  inches  in  depth  of  sand  of 
an  effective  size  of  0.23  millimeter.  The  history  of  this  filter  ap  to 
Jan.  1,  1896,  has  been  published  in  the  annual  reports  of  the  Board. 
The  points  in  connection  with  the  operation  of  the  filter  which  were 
of  special  importance  during  1896  are  described  in  the  following 
paragraphs. 

From  Nov.  25,  1895,  to  April  19,  1896,  Filter  No.  8  A  ran  at  a 
prescribed  rate  of  1 ,500,000  gallons  per  acre  daily.  The  rate  was  in- 
creased to  5,000,000  gallons  per  acre  daily  on  April  20,  1896.  The 
whole  number  of  gallons  filtered  during  the  year  amounted  to  5,984,- 
dOO,  and  the  rate  averaged  3,694,000  gallons  per  acre  daily  for  the 
days  of  operation,  A  trap  attached  to  the  outlet  prevented  air  from 
entering  at  the  bottom.  On  October  31  a  roofof  heavy  planking  was 
built  over  the  filter  in  order  to  protect  it  from  the  weather,  and  the  top 
and  sides  of  this  roof  were  covered  with  2  feet  of  sand  on  November  12. 

Spirogyra  began  to  appear  on  the  surface  about  July  1,  and  at 
times  the  water  over  the  surface  of  the  filter  became  completely 
filled  with  masses  of  these  filaments.     This  growth  of  alg» developed 
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80  rapidly  and  clogged  the  sand  to  such  a  degree  that  the  sorface 
had  to  be  scraped  four  times  between  July  6  and  August  3. 

Owing  to  the  fact  that  the  water  was  drawn  down  in  the  canal, 
the  gate  on  the  outlet  was  closed  on  the  following  dates,  for  periods 
varying  from  three  to  twenty-four  hours :  January  12,  February  9, 
16,  May  2,  16,  23,  30,  June  27,  July  11,  25,  August  1,  11,  Sep- 
tember 12,  19,  26,  October  17,  November  7,  14,  21.  The  gate 
was  closed  for  longer  periods  on  the  following  dates  :  March  1  to  11 
for  two  hundred  and  thirty-eight  hours  on  account  ot  the  freshet ; 
April  17,  18,  19  for  sixty-one  hours  on  account  of  high  water; 
August  7,  8,  9  for  seventy-one  hours  while  the  new  canal  pipe  was 
being  laid.  During  all  of  these  periods  the  surface  of  the  filter  re- 
mained covered  with  water.  The  freshet  on  March  1  covered  the 
surface  of  the  filter  with  silt.  On  March  10  the  filter  was  allowed 
to  drain,  the  river  silt  removed,  and  the  filter  filled  slowly  from 
below  with  city  water.  The  gate  was  opened  on  March  11  and  the 
filter  started  at  a  prescribed  rate  of  1,500,000  gallons  per  acre  daily. 
On  August  3  canal  water  was  applied  immediately  at  the  surface 
after  scraping. 

In  order  to  remove  clogging  at  the  surface  one-half  an  inch  (ap- 
proximately) of  sand  was  removed  by  scraping  on  the  following 
dates :  January  4,  February  6,  April  11,  May  21,  June  15,  July  6, 
20,  28,  August  3,  15,  September  11,  October  12,  November  9,  De- 
cember 1,  and  after  scraping,  the  surface  of  the  filter  was  raked  to 
the  depth  of  1  inch.  In  order  to  remove  clogging  at  the  surface 
more  efficiently,  the  surface  was  spaded  from  6  to  8  inches  deep 
after  scraping  on  April  11,  August  15,  December  1.  The  filter 
was  usually  filled  slowly  from  below  with  city  water  after  scraping, 
and  as  soon  as  the  surface  became  covered,  canal  water  was  turned 
on  and  the  gate  on  the  outlet  opened.  On  August  15  and  Decem- 
ber 1  the  gate  was  closed  for  twenty-four  hours  after  filling  with 
city  water  before  the  filter  went  into  operation. 

J5.  prodigtosus  mixture  was  applied  from  July  1  to  October  9  in 
the  proportion  of  1  part  of  mixture  to  170,000  parts  of  applied 
canal  water,  and  from  October  10  to  24  the  mixture  was  applied  in 
the  proportion  of  1  part  to  85,000  parts  of  applied  canal  water. 

Bacteriological  analyses  were  made  each  day  excepting  Sunday 
of  four  samples  of  effluent  collected  at  different  hours.  The  average 
number  of  bacteria  found  in  each  of  these  sets  of  samples  is  given  in 
the  record  of  daily  analyses  in  the  following  table  :  — 
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Awrage  Daily  Number  of  Baeleria  per  Cubie  CentimeUr  in  the  Efflwrtt  of  Filler 
No.  9  A,  1896. 
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Monthly  Avenge*  of  AtuUyiet  of  Efflvtnt  of  Fitter  No.  8  A. 
[Puu  pw  iiM.ooa.] 
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FilUir  No.  ISA. 

TbU  iDtermittent  filter,  20  iocbes  in  diameter,  was  Btarted  Sept. 
17,  1889,  and  contaiaed  62  tnches  ia  depth  of  sand  of  an  effective 
size  of  0.48  millimeter.  On  Aug.  31,  1895,  the  depth  of  sand  in 
the  filter  waa  reduced  to  36  inches.  Before  the  filter  went  into 
operation  in  1896  the  bed  of  aand  in  the  filter  was  restored  to  its 
original  depth.  The  history  of  the  filter  up  to  Jan.  1,  1896,  has 
been  published  in  the  annual  reports  of  (he  Board,  and  the  points 
in  connection  with  the  operntion  of  the  filter  which  were  of  special 
importance  during  1896  are  described  in  the  following  paragraphs. 

After  draining,  the  filler  went  out  of  operation  on  Nor.  24,  1895. 
One  foot  of  sand  was  taken  out  from  the  top  of  Filter  No.  18  A  on 
May  6,  1896,  the  sand  remaining  spaded  to  a  depth  of  1  foot,  and 
enough  sand  added  to  restore  the  bed  to  its  original  depth  of  63 
inches.  The  sand  used  for  this  purpose  was  obtained  by  mixing 
the  foot  of  sand  taken  out  from  18  A  with  sand  taken  from  Filter 
No.  .50,  which  had  been  in  operation  during  1895  and  contained  sand 
of  an  effective  size  of  0.48  millimeter. 


No.  34.] 


FILTRATION  OF  WATER. 


545 


May  7  the  filter  was  filled  slowly  from  below  with  city  water  and 
allowed  to  stand  over  night,  and  on  May  8  went  into  operation  at  a 
prescribed  rate  of  5,000,000  gallons  per  acre  daily.  The  operation 
of  the  filter  was  arranged  in  such  a  manner  that  the  surface  remained 
uncovered  for  two  hours  during  the  day.  The  filter  ran  continu- 
ously on  Sundays. 

Owing  to  low  water  in  the  canal  the  gate  on  the  outlet  was  closed 
on  the  following  dates  for  periods  varying  from  two  to  twenty-four 
hours :  May  18,  23,  June  27,  July  13,  August  9, 11,  September  12, 
19,  26,  October  17,  November  7.  The  gate  was  closed  for  a  longer 
period  of  sixty-four  hours  on  September  5,  6,  7.  During  all  of 
these  periods  the  surface  remained  covered  with  water. 

In  order  to  remove  clogging  at  the  surface  the  filter  was  scraped 
as  follows  :  July  3,  0.26  of  an  inch  of  sand  was  removed  ;  August  7, 
0.23  of  an  inch ;  October  19,  0.49  of  an  inch ;  October  29,  0.41  of 
an  inch  ;  November  12, 0.44  of  an  inch.  After  scraping,  canal  water 
was  applied  from  above  without  first  raking  the  surface  of  the  filter  or 
filling  from  below  with  city  water. 

A  bacteriological  analysis  of  a  sample  of  the  effluent  was  made 
daily  excepting  Sundays.  The  number  of  bacteria  per  cubic  centi- 
meter found  in  these  samples  is  given  in  the  record  of  daily  analyses 
in  the  following  table  :  — 

Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter 

No,  18  A,  1896. 


Day. 
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Filter  m.  33  A. 

This  continuous  filter,  20  inches  in  diameter,  was  started  April 
28,  1892,  and  contained  60  inches  in  depth  of  sand  of  an  effective 
size  of  0.14  millimeter.  The  history  of  the  filter  up  to  Jan.  1, 1896, 
has  been  published  in  the  annual  reports  of  the  Board,  and  the  points 
in  connection  with  its  operation  during  1896  which  were  of  special 
importance  are  described  in  the  following  paragraphs. 

The  filter  went  out  of  operation  on  Nov.  24,  1895,  and  on  May  8, 
1896,  was  again  started  at  a  rate  of  2,000,000  gallons  per  acre  daily. 
A  short  trap  attached  to  the  outlet  prevented  air  from  entering  at  the 
bottom  of  the  filter. 

For  purposes  of  experiment  Filter  No.  33  was  flooded  with  city 
(filtered)  water  instead  of  canal  water  on  September  25  for  twenty- 
four  hours ;  on  October  22,  23  and  24 ;  and  on  November  23  for 
twenty-nine  hours. 

Owing  to  low  water  in  the  canal  the  gate  on  the  outlet  was  closed 
on  the  following  dates  for  periods  varying  from  two  to  twenty-four 
hours :  May  16,  23,  30,  June  27,  July  11,  August  9, 11,  September 
12,  19,  26,  October  17,  24,  28,  November  4,  7,  14,  21.  The  gate 
was  closed  for  a  period  of  sixty-two  hours  on  September  5.  During 
all  of  these  periods  the  surface  remained  covered  with  water.  As 
explained  on  pages  525-529,  the  bacteria  found  in  the  effluent  from 
Filter  33  A  increased  very  greatly  in  number  during  the  periods 
when  the  gate  was  closed.  The  great  number  of  bacteria  seems  to 
have  been  duo  to  the  multiplication  of  cells  belonging  to  a  single 
species,  which  found  the  conditions  existing  in  the  filter  at  the  time 
to  be  especially  favorable  for  their  development. 

In  order  to  remove  clogging  at  the  surface  the  filter  was  scraped 
on  the  following  dates  :  July  30,  0.31  of  an  inch  of  sand  was  removed  ; 
October  5,  0.44  of  an  inch  ;  and  November  30,  0.29  of  an  inch.  A 
mixture  containing  a  pure  culture  of  B.  prodigiosus  was  applied 
in  the  proportion  of  1  part  of  mixture  to  170,000  parts  of  applied 
canal  water,  from  July  14  to  31 ;  in  the  proportion  of  1  part  to 
85,000  parts  of  applied  canal  water,  from  September  21  to  October 
5 ;  and  in  the  same  proportion  on  November  6  and  16. 

A  bacteriological  analysis  of  a  sample  of  the  effluent  was  made 
daily,  excepting  Sundays,  up  to  November  1 .  The  number  of  bacteria 
per  cubic  centimeter  found  in  these  samples  is  given  in  the  record 
of  daily  analyses  in  the  following  table :  — 
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Average  DaUy  Number  of  BaOtria  per  Cubic  Centimeter  in  Effluent  of  Filter  No. 

33  A,  1896. 
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Monthly  Averages  of  Anatytes  of  Effiuent  of  FilUr  No.  33. 
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This  contiDuous  filter,  20  inches  in  diameter,  was  started  May  30, 
1893,  and  contained  60  inches  in  depth  of  sand  of  an  effective  size 
of  0.26  millimeter.  The  history  of  the  filter  up  to  Jan.  1,  1896, 
has  been  published  in  the  annual  reports  of  the  Board,  and  the  points 
in  connection  with  its  operation  during  1896  which  are  of  special 
importance  are  described  in  the  following  paragraphs. 

From  Dec.  24,  1895,  to  July  S8, 1896,  the  filter  was  not  in  opera- 
tion. On  the  latter  date  it  was  started  at  the  rate  of  5,000,000  gal- 
lons per  acre  daily.  Owing  to  low  water  in  the  canal  the  gate  on 
the  outlet  was  closed  for  periods  varying  from  two  to  twenty-fonr 
hours  on  the  following  dates  :  August  9,  11,  September  12,  19,  26, 
October  17,  November  7,  14,  21.  The  gate  was  also  closed  for  a 
longer  period  of  sixty-two  hours  on  September  5,  6  and  7.  During 
all  of  these  periods  the  surface  remained  covered  with  water.  In 
order  to  remove  clogging  at  the  surface  the  filter  was  scraped  on  the 
following  dates:  September  12,  0.53  of  an  inch  of  sand  was  re- 
moved ;  October  5,  0.37  of  an  inch  ;  November  26,  0.37  of  an  inch ; 
December  22,  0.51  of  an  inch. 

After  scraping,  canal  water  was  usually  applied  at  once  without 
raking  the  surface  or  filling  from  below  with  city  water.  On  Novem- 
ber 26  the  surface  was  spaded  to  a  depth  of  4  inches,  city  water 
applied  slowly  from  l>elow  until  the  surface  became  covered,  and  the 
gate  on  the  outlet  closed  for  nineteen  hours. 

A  mixture  containing  a  pare  culture  of  B.prodigiosua  was  applied. 
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in  the  proportion  of  one  part  of  mixture  to  SS^OOO  parts  of  canal 
water 9  upon  November  16,  but  the  germ  did  not  appear  in  the  effluent. 
A  bacteriological  analysis  of  a  sample  of  the  effluent  was  made 
on  each  day,  excepting  Sundays,  from  July  28  to  November  13. 
The  number  of  bacteria  per  cubic  centimeter  found  in  these  samples 
is  given  in  the  record  of  daily  analyses  in  the  following  table  :  — 

Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter  No. 

43, 1896. 
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345 
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28 
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Monthly  Averaget  of  Analyset  of  Effluent  of  Filter  No.  43. 
[Puu  pM  100,000.] 
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Filler  JTo.  62. 

This  coDtinuous  filter,  20  iochea  in  diameter,  was  started  Sept.  3, 
1895,  and  coDtaioed  48  incheB  in  depth  of  saod  of  an  effective  size 
of  0.40  millimeter.  The  »and  for  this  filter  was  obtained  from  the 
beach  at  Plum  Island,  on  the  seacoast,  20  miles  from  Lawrence. 
The  history  of  the  filter  up  to  Jan.  1,  1896,  has  been  published  in 
the  annual  report  of  the  Board,  and  the  points  in  connection  with  the 
operation  of  this  filter  during  1896  which  are  of  special  importance 
are  described  in  the  following  paragraphs. 

After  draining,  the  filter  went  out  of  operation  on  Nor.  24,  1895. 
On  May  11,  1896,  city  water  was  applied  slowly  from  below  until 
the  surface  became  covered,  canal  water  turned  on,  and  the  filter 
put  into  operation  at  a  rate  of  5,000,000  gallons  per  acre  daily. 
When  the  filter  was  started,  on  May  11,  itcontained  39  inches  of  sand. 
A  short  trap  attached  to  the  outlet  prevented  air  from  entering  the 
filter  at  the  bottom.  On  account  of  low  water  in  the  canal  the  gate 
on  the  outlet  was  closed  on  the  following  dates  for  periods  varying 
from  two  to  forty-two  hours :  May  16,  23,  30,  June  27,  July  11, 
August  10,  11,  September  12,  19,  26,  October  17,  November  7. 
The  gate  was  closed  for  a  longer  period  of  sixty-two  hours  on  Sep- 
tember 5,  6,  7.  During  all  of  these  periods  the  surface  remained 
covered  with  water. 

On  May  25  the  surface  was  found  uncovered,  therefore  city  water 
wae  applied  slowly  from  below  and  canal  water  turned  on  as  soon 
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as  the  surface  became  covered.  Id  order  to  remove  clogging,  the 
surface  was  scraped  od  the  following  dates :  July  6,  0.40  of  an  inch 
of  sand  was  removed ;  July  27,  0.36  of  an  inch ;  August  11»  0.39 
of  an  inch ;  August  25,  0.34  of  an  inch ;  September  11,  0.30  of  an 
inch;  October  2,  0.33  of  an  inch;  October  28,  0.28  of  an  inch; 
November  10,  0.48  of  an  inch.  After  scraping,  canal  water  was 
applied  at  once,  without  raking  the  surface  or  filling  the  filter  from 
below  with  city  water. 

A  bacteriological  analysis  of  the  effluent  was  made  on  each  day 
excepting  Sundays.  The  number  of  bacteria  per  cubic  centimeter 
found  in  these  samples  is  given  in  the  record  of  daily  analyses  in  the 
following  table :  — 

Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter  No. 

62, 1896. 
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Monthly  Averaget  oj  Analyses  of  Effluent  of  Fitter  Ko.  6 
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i^j7(er  No.  63. 

This  continuous  filter,  20  inches  in  diameter,  was  started  Sept.  2, 
1893,  and  contained  24  inches  in  depth  of  sand  of  an  effective  size 
of  0.16  millimeter.  The  sand  used  in  this  filter  was  a  white,  sharp, 
pure  quartz  sand,  from  Berkshire  County,  such  as  is  used  in  the 
manufacture  of  glass.  The  history  of  the  filter  during  1895  was 
published  in  the  annual  report  of  the  Board,  and  the  points  in  connec- 
tion with  the  operation  of  the  filter  during  1896  which  are  of  special 
importance  are  described  in  the  following  paragraphs.  B^-'l 

Ai^er  draining,  the  filter  went  out  of  operation  Nov.  24,  1895. 
The  surface  was  spaded  4  inches  deep  on  May  7,  1896,  and  enough 
new  Berkshire  sand  added  to  make  the  bed  of  sand  24  inches  deep ; 
city  water  was  then  applied  from  below.  After  the  surface  became 
covered  the  filter  was  allowed  to  stand  for  sixteen  hours.  Canal 
water  was  applied  May  8,  and  the  filter  put  into  operation  at  a 
rate  of  5,000,000  gallons  per  acre  daily.  This  rate  was  reduced 
to  3,000,000  gallons  on  June  1.  A  short  trap  attached  to  the  outlet 
prevented  air  from  entering  at  the  bottom- 
On  account  of  low  water  in  the  canal  the  outlet  of  the  filter  was 
closed  on  the  following  dates  for  periods  varying  from  two  to  twenty- 
four  hours :  May  16,  22,  23,  30,  .Tune  27,  July  11,  August  9, 11, 
September  12,  19,  26,  October  17,  November  7.     The  gate  was 
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closed  for  a  longer  period  of  sixty-two  hours  on  September  5,  6,  7. 
During  all  of  these  periods  the  surface  remained  covered  with  water. 

In  order  to  remove  clogging  the  surface  was  scraped  on  the  fol- 
lowing dates :  on  May  15,  0.21  of  an  inch  of  sand  was  removed ;  on 
May  21,  0.29  of  an  inch ;  on  May  26,  0.20  of  an  inch ;  on  June  17, 
0.25  of  an  inch  ;  on  June  23,  0.22  of  an  inch  ;  on  June  30,  0.25  of 
an  inch;  on  July  6,  0.28  of  an  inch ;  on  July  15,  0.29  of  an  inch; 
on  July  22,  0.29  of  an  inch ;  on  July  28,  0.27  of  an  inch ;  on  Au- 
gust 3,  0.23  of  an  inch ;  on  August  14,  0.31  of  an  inch ;  on  August 
22,  0.29  of  an  inch ;  on  August  31,  0.32  of  an  inch ;  on  September 
10,  0.30  of  an  inch;  on  September  24,  0.24  of  an  inch;  on  Octo- 
ber 5,  0.33  of  an  inch  ;  on  October  14,  0.33  of  an  inch ;  on  October 
26, 0.32  of  an  inch  ;  on  November  3, 0.24  of  an  inch.  After  scraping, 
canal  water  was  applied  at  once,  without  raking  the  surface  or  filling 
the  filter  with  city  water  from  below. 

A  bacteriological  analysis  of  the  effluent  was  made  on  each  day 
excepting  Sundays.  The  number  of  bacteria  per  cubic  centimeter 
found  in  these  samples  is  given  in  the  record  of  daily  analyses  in  the 
following  table :  — 


Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter  No, 

63, 1896. 
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Monthly  Avtragit  of  Analyses  of  Effluent  of  Filter  No.  t 
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Filler  No.  64. 

This  continuous  filter,  20  inches  in  diameter,  was  started  Sept.  2, 
1895,  and  contained  1 2  inches  in  depth  of  sand  of  an  effective  size  of 
0.16  millimeter.  The  sand  used  in  this  filter  was  also  a  white,  sharp, 
pore  quartz  sand,  from  Berkshire  County.  The  history  of  the  filter 
during  1895  was  published  in  the  annual  report  of  the  Board,  and 
the  points  in  connection  with  the  operation  of  the  filter  during  1896 
which  are  of  special  importance  are  described  in  the  following  para- 
graphs. 

After  draining,  the  filter  went  out  of  operation  Nov.  24,  1895. 
The  surface  was  spaded  four  inches  deep  on  May  7,  1896,  and 
enough  new  Berkshire  sand  added  to  make  the  bed  of  sand  12  inches 
deep.  City  water  was  applied  on  ^fay  8  and  the  filter  put  into 
operation  at  a  prescribed  rate  of  5,000,000  gallons  per  acre  daily. 
The  depth  of  water  on  the  surface  at  this  time  was  6  inches.  A 
short  trap  attached  to  the  outlet  prevented  air  from  entering  the  filter 
at  the  bottom,  June  1  the  rate  was  reduced  to  3,000,000  gallons 
per  acre  daily.  In  order  to  keep  the  filter  running  at  the  required 
rate,  the  surface  had  to  be  scraped  about  once  in  5  days  from  July 
8  to  July  27. 

On  account  of  low  water  in  the  canal  the  gate  on  the  outlet  was 
closed  on  the  following  dates  for  periods  varying  from  two  to  forty- 
two  hours;  May  16,  22,  23,  30,  June  27,  July  11,  Aogust  9,  11, 
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September  12,  19,  26,  October  17,  November  7.  The  gate  was 
closed  for  a  longer  period  of  sixty-two  hours  on  September  5,  6,  7. 
During  all  of  these  periods  the  surface  remained  covered  with  water. 

In  order  to  remove  clogging  the  surface  was  scraped  on  the  follow- 
ing dates:  May  12,  0.26  of  an  inch  of  sand  was  removed;  May 
15,  0.22  of  an  inch ;  May  20,  0.18  of  an  inch ;  May  23,  0.23  of  an 
inch ;  May  27,  0.20  of  an  inch ;  June  2,  0.24  of  an  inch ;  June  8, 
0.23  of  an  inch ;  June  15,  0.26  of  an  inch ;  June  22,  0.14  of  an 
inch;  June  27,  0.19  of  an  inch;  July  3,  0.20  of  an  inch;  July  9, 
•  0.27  of  an  inch;  July  16,  0.24  of  an  inch;  July  22,  0.25  of  an 
inch ;  July  27,  0.23  of  an  inch  ;  July  31,  0.23  of  an  inch ;  August 
5,  0.20  of  an  inch;  August  13,  0.27  of  an  inch;  August  19,  0.27 
of  an  inch;  August  26,  0.30  of  an  inch;  September  1,  0.21  of  an 
inch ;  September  9,  0.25  of  an  inch ;  September  16,  0.30  of  an  inch ; 
September  24,  0.24  of  an  inch  ;  October  3,  0.24  of  an  inch ;  October 
9,  0.23  of  an  inch;  October  15,  0.24  of  an  inch;  October  21,  0.22 
of  an  inch  ;  October  27,  0.23  of  an  inch ;  November  2,  0.23  of  an 
inch.  After  scraping,  the  surface  was  not  raked,  and  canal  water 
was  applied  at  once,  without  filling  with  city  water  from  below. 

A  bacteriological  analysis  was  made  of  a  sample  of  effluent  on  each 
day  excepting  Sundays.  The  number  of  bacteria  per  cubic  centi- 
meter found  in  these  samples  is  given  in  the  record  of  daily  analyses 
in  the  following  table  :  — 


Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  FiUer  No 

64, 1896, 
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Water  Applied  to  Filters  Jfbs.  68  and  69. 

The  water  applied  to  filters  Nos.  68  and  69  was  polluted  in  a 
much  greater  degree  than  the  Merrimack  Biver  water  applied  to  the 
other  experimental  filters,  as  described  in  the  following  paragraph. 

From  May  18  to  August  20  a  small  stream  of  sewage  and  a  stream 
of  Merrimack  Biver  water  were  allowed  to  flow  simultaneously  into 
the  top  of  a  tank  from  the  bottom  of  which  the  water  applied  to 
filters  Nos.  68  and  69  was  being  drawn.  After  August  21»  how- 
ever, the  mixed  sewage  and  canal  water  was  allowed  to  stand  for 
several  hours  before  being  turned  upon  the  filters.  From  June  17 
to  24  no  sewage  was  mixed  with  the  canal  water. 

The  character  of  the  water  applied  to  filters  Nos.  68  and  69  is 
shown  in  the  table  of  chemical  analyses  on  page  559. 

Bacteriological  analyses  have  1>een  made  on  each  day,  excepting 
Sundays,  of  at  least  three  and  sometimes  four  samples  of  the  water 
collected  at  different  hours.  The  average  number  of  bacteria  per 
cubic  centimeter  found  in  these  samples  is  given  in  the  record  of 
daily  analyses  in  the  following  table  :  — 


Avercige  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Water  applied  to 

FiUers  Nos.  68  and  69, 1896. 
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Average  Daily  Ifumber  of  Bacteria  per  Cubic  Centimeter  in   Water  igtptied  to 
FiUers  Nos.  68  and  69,1898— Coaclvded. 
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Filler  No.  68. 

This  coDtiDuous  filter,  20  inches  in  diameter,  was  started  on  May 
18,  1896,  and  contained  5  feet  in  depth  of  sand  of  an  effective  size 
of  0.23  millimeter.  The  points  in  connection  with  the  construction 
and  operation  of  this  filter  which  are  of  special  importance  are 
described  in  the  following  paragraphs. 

The  underdrains  in  this  filter  are  6  inches  deep,  and  are  constructed 
as  usual.  Above  these  underdrains  5  feet  of  sand,  obtained  in  the 
neighborhood  of  Lawrence,  were  put  into  the  filter  dry.  A  short 
trap  attached  to  the  outlet  prevented  air  from  entering  the  filter  at 
the  bottom.  City  water  was  applied  slowly  from  below  on  May  18 
and  as  soon  as  the  water  covered  the  surface  the  gatd  on  the  outlet 
was  closed  and  the  filter  allowed  to  stand  inoperative  for  eighteen 
hours.  The  filter  was  put  into  operation  on  May  19,  at  a  prescribed 
rate  of  5,000,000  gallons  per  acre  daily,  and  the  character  of  the 
water  applied  is  shown  in  the  table  of  chemical  analyses.  The  rate 
of  filtration  was  reduced  on  May  25  to  2,500,000,  and  on  August  2 
to  1,000,000,  gallons  per  acre  daily. 

On  account  of  low  water  in  the  canal  the  gate  on  the  outlet  was 
closed  on  the  following  dates  for  periods  varying  from  two  to  forty- 
three  hours:  May  23,  30,  June  27,  July  11,  15,  August  9,  11,  Sep- 
tember 12,  19,  26,  October  17,  November  7,  14,  21.  The  gate  was 
closed  for  a  longer  period  of  sixty-two  hours  on  September  5,  6,  7. 
During  all  of  these  periods  the  surface  remained  covered  with  water. 
In  order  to  remove  clogging  the  surface  was  scraped  on  the  following 
dates :  June  3,  0.49  of  an  inch  of  sand  was  removed ;  June  15,  0.45 
of  an  inch ;  June  26,  0.30  of  an  inch  ;  July  9,  0.38  of  an  inch ;  July 
22,  0.36  of  an  inch;  August  5,  0.29  of  an  inch;  October  12,  0.36 
of  an  inch ;  November  2,  0.45  of  an  inch ;  November  25,  0.39  of 
an  inch;  December  7,  0.32  of  an  inch;  December  21,  0.34  of  an 
inch.  After  scraping,  the  surface  was  not  raked,  and  the  applied 
water  was  turned  on  at  once,  without  filling  with  city  water  from 
below. 

B.  prodigiosus  mixture  was  applied  to  Filter  No.  68,  in  the  pro- 
portion of  one  part  of  mixture  to  170,000  parts  of  applied  water, 
during  Noveml>er  and  December. 

Bacteriological  analyses  were  made  on  each  day  excepting  on 
Sunday  of  two  samples  of  efliuent ;  one  of  these  samples  was  col- 
lected in  the  forenoon  and  the  other  in  the  afternoon.     The  average 
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number  of  bacteria  per  cubic  centimeter  found  in  each  set  of  two 
samples  is  given  in  the  record  of  daily  analyses  in  the  following 
table :  — 


Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter 

No.  68, 1896, 
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IlonMg  Average*  of  Analyau  of  Effluent  of  FOUr  No.  t 
[Put*  p*r  loo.ooo.] 


wrAm 

'"i; 

„„„. 

i 

A..0«... 

x™„  jl 

1 

=1 

III 

laM. 

V 

1 

1 

i 

1 

1 

H>r-      .      . 

».!«.»» 

„ 

«0 

.41, 

.3*00  1.0409 

.81 

nm 

.OOM 

a 

in 

DM>ab«r.        . 

41 

Il«   .OMS 

•'" 

«i» 

.0001 

».I         UN 

■'"«••    ■ 

i.i»*«n 

" 

., 

■■"*■■«" 

■" 

UI 

.M» 

" 

».T    llt^ 

/'iVter  A^o.  69. 

This  iotermitteDt  filter,  20  inches  in  diameter,  waa  started  on  May 
18,  1896,  and  cootained  5  feet  in  depth  of  sand  of  an  effective  size 
of  0.23  millimeter.  The  points  in  connection  with  the  operation  of 
this  filter  which  were  of  special  importance  are  described  in  the  fol- 
lowing paragraphs. 

The-  filter  was  a  duplicate  of  Filter  No.  68.  The  sand  was  put 
into  the  filter  dry,  city  water  was  applied  slowly  from  below  on 
May  18  until  the  surface  of  the  sand  became  covered,  and  the  gate 
oo  the  outlet  was  then  closed  for  sixteen  hours.  On  May  19  Filter 
No.  69  went  into  operation  as  an  intermittent  filter,  at  a  prescribed 
rate  of  5,000,000  gallons  per  acre  daily.  The  period  of  intermittent 
operation  was  arran^d  in  such  a  maoner  that  the  surface  became 
and  remained  uncovered  for  two  hours  during  the  day.  The  rate 
of  filtration  was  reduced  on  May  25  to  2,-^00,000  gallons  per  acre 
daily,  and  on  August  20  to  1,000,000  gallons.  A  short  trap  attached 
to  the  outlet  prevented  air  from  entering  the  filter  at  the  bottom. 

Owing  to  low  water  in  the  canal  the  gate  on  the  outlet  was  closed 
on  the  following  dates  for  periods  varying  from  two  to  forty-two 
hours :  May  23,  30,  June  27,  July  11,  August  9,  10,  11,  September 
12,  19,  26,  October  17,  November  7,  14,  21.  The  gate  was  closed 
for  a  longer  period  of  sixty-three  hours  on  September  5,  6,  7,  Dar- 
ing all  of  these  periods  the  surface  remained  covered  with  water. 

In  order  to  remove  clogging  the  surface  was  scraped  on  the  fol- 
lowing dates:  May  27,  0.29  of  an  inch  of  sand  was  removed;  June 
4,  0.48  of  an  inch ;  June  8,  0.26  of  an  inch ;  June  II,  0.30  of  an 
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inch ;  Judo  15,  0.29  of  an  inch  ;  June  18,  0.29  of  an  inch ;  June  26, 
0.25  of  an  inch ;  July  2,  0.26  of  an  inch ;  July  9,  0,31  of  an  inch ; 
July  21,  0.28  of  an  inch;  July  28,  0.24  of  an  inch;  August  15, 
0.31  of  an  inch ;  August  31,  0.27  of  an  inch  ;  September  4,  0.22  of 
an  inch ;  October  15,  0  35  of  an  inch  ;  October  27,  0.44  of  an  inch  ; 
November  18,  0.30  of  an  inch;  November  27,  0.34  of  an  inch; 
December  5,  0.39  of  an  inch;  December  11,  0.25  of  an  inch;  De- 
cember 17,  0.32  of  an  inch;  December  28,  0.23  of  an  inch.  On 
September  4  the  surface  was  spaded  to  a  depth  of  2  inches  after 
scraping ;  but  on  other  occasions  the  applied  water  was  turned  on  at 
once,  without  raking  the  surface  or  filling  from  below  with  city  water. 

B.  prodigiosus  mixture  was  applied  to  this  filter,  during  Novem- 
ber and  December,  in  the  proportion  of  one  part  of  mixture  to 
170,000  parts  of  applied  water. 

Bacteriological  analyses  were  made  on  each  day  excepting  on 
Sunday  of  two  samples  of  effluent ;  one  of  these  samples  was  col- 
lected in  the  forenoon  and  the  other  in  the  afternoon.  The  average 
number  of  bacteria  per  cubic  centimeter  found  in  each  set  of  two 
samples  is  given  in  the  record  of  daily  analyses  in  the  following 
table :  — 


Average  Daily  Number  of  Bacteria  per  Cubic  Centimeter  in  Effluent  of  Filter  No, 

69, 1896. 
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Average  Daily  Number  of  BaeUria  per  Gubie  Centimeter  in  Effluent  ef  Fitter  2f6. 
69, 1896  —  Concluded 
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Water  Applied  to  Filter  No.  79. 

The  effluent  from  filters  No8.  68  and  69  was  applied  to  Filter  No. 
79,  and  a  bacteriological  analysis  was  made  on  each  day,  excepting 
Sundays,  of  a  sample  of  the  water.  The  number  of  bacteria  per 
cubic  centimeter  found  in  these  samples  is  given  in  the  follo,wing 
table :  — 


Averctge  Daily  Number  of  Bacteria  per  Cubic  Cenlimeler  in  the  Water  Applied  to 

FiUer  No.  79,  2896. 


DAT. 
1 

2,        .        .        .        . 

« 

4,        .        .        .        . 

6,        .        .        .        . 

6,        .        .        .        . 

T 

» 

•,.... 

10,  ...        . 

11,  ...        . 

12 

18 

14 

16,        ...        . 

16 

17 

18 

M 

20,        ...        . 

n 

22 

28 

M 

2ft,        ...        . 

28 

«T 

28 

28 

80 

81,        ...        . 


Sapttaber. 


October. 


November. 


December. 


- 

4,800 

- 

8,400 

- 

16,000 

27,000 

4,800 

- 

14,000 

86,000 

4,000 

- 

- 

12,000 

6,800 

- 

18,000 

12,000 

2,800 

- 

20,000 

16,000 

- 

- 

8.000 

20,000 

" 

- 

12,000 

- 

1,600 

- 

4.800 

78.000 

8,600 

- 

7,200 

16.000 

2,800 

- 
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14.000 

7.700 

- 

6.100 

16.000 

0,600 

- 

6,800 

10,000 

- 

- 

28.800 

0.000 
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- 

8,000 

- 

- 

- 

4,400 

80.000 

1.000 

- 

6.800 

81.000 

1.000 

- 

- 

62.000 

1,700 

- 

8.000 

67,000 

1.700 

- 

6.800 

18.000 

- 

- 

6.200 

- 

- 
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11.800 

- 

6.800 

- 

12,000 
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2,400 
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0,000 
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2.800 

7,800 
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8,200 

- 

7,300 

7.800 
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8.600 

- 

7,100 

18,000 

- 

21.000 

6.100 

17,000 

2,100 
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6.400 
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1,600 

8,400 

6.400 

6,200 

1,800 

- 

- 

1,100 
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Filler  No.  79. 

This  coDtinaoas  filter  was  started  on  Sept.  18,  I8969  and  contained 
5  feet  in  depth  of  sand  of  an  effective  size  of  0.23  millimeter.  The 
sand  was  put  into  the  filter  dry  and  city  water  applied  below  until 
the  surface  of  the  sand  became  covered  with  water.  The  gate  on  the 
outlet  was  then  closed  and  the  filter  allowed  to  stand  for  twenty-four 
hours.  On  September  18  the  filter  went  into  operation  at  a  pre- 
scribed rate  of  3,300,000  gallons  per  acre  daily.  The  water  applied 
to  this  filter  was  a  mixture  of  the  effluents  from  filters  Nos.  68  and 
69.  On  November  23  18  inches  of  sand  were  removed  from  the  top 
of  Filter  No.  79,  and  two  sets  of  cleats  were  nailed  to  the  inner  sides 
of  the  walls.  One  set  of  cleats  was  fastened  to  the  walls  18  inches 
below  the  level  of  the  original  surface  of  the  sand,  and  the  other  set 
12  inches  below.  The  cleats  were  made  with  bevelled  edges,  which 
sloped  towards  the  walls  and  projected  one-quarter  of  an  inch  from 
the  wood  to  which  they  were  fastened,  and  by  this  arrangement 
formed  pockets  into  which  the  sand  settled  and  made  a  close  joint 
between  the  walls  of  the  filter  and  the  bed  of  sand.  As  soon  as  the 
cleats  had  been  put  into  position  the  sand  which  had  been  taken  out 
was  replaced.  On  November  24  city  water  was  applied  from  below 
until  the  surface  became  covered  with  water.  The  gate  on  the  out- 
let was  then  closed  and  the  filter  allowed  to  stand  for  twenty-four 
hours.  When  the  filter  went  into  operation  again,  on  November 
25,  canal  water  instead  of  the  effluents  from  filters  Nos.  68  and  69 
was  applied.  After  filtering  canal  water  for  two  weeks,  the  efflu- 
ents from  filters  Nos.  68  and  69  were  turned  on  again  on  December 
7.  The  rate  of  filtration  was  increased  to  4,700,000  gallons  per  acre 
daily  on  December  14. 

Owing  to  low  water  in  the  canal  the  gate  on  the  outlet  was  closed 
for  periods  varying  from  thirty-nine  to  forty-three  hours  on  the  fol- 
lowing dates:  September  19,  26,  October  17,  November  7,  14. 
During  all  of  these  periods  the  surface  remained  covered  with  water. 
In  order  to  remove  clogging  the  surface  was  scraped  on  the  follow- 
ing dates:  December  21,  0.37  of  an  inch  of  sand  was  removed; 
December  27,  0.36  of  an  inch  was  removed.  After  scraping,  the 
applied  water  was  turned  on  at  once. 

B.  prodigio8xi8  mixture  was  applied  to  this  filter  from  October  25 
to  November  30,  in  the  proportion  of  one  part  to  170,000  parts  of 
applied  water. 
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A  bacteriological  aDalysis  web  made  on  each  day  excepting  oa 
Sunday  of  a  sample  of  the  effluent  from  Filter  No.  79.  The  average 
Dumber  of  bacteria  per  cubic  ceDtimeter  found  in  each  of  these 
analyses  is  given  in  the  following  table:  — 


Average  Daily  Number  of  Baeleria  per  Oubie  CetUitneUr  in  Effluent  of  FUter  2i 
79, 1896. 
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Lawrence  City  Filter. 

The  filter  of  the  water  sapply  system  of  the  city  of  Lawrence  is 
2.5  acres  in  area,  was  first  put  into  operation  Sept.  20,  ISQS,  and  its 
construction  and  action  were  described  in  the  report  of  the  State 
Board  of  Health  for  that  year.  From  the  date  of  starting  this  filter 
up  to  the  present  time  it  has  been  in  continuous  use,  and  not  once 
has  the  unfiltered  river  water  entered  the  reservoir  or  the  service 
pipes  of  the  city  water  supply.  The  filter  is  still  uncovered,  and 
hence  unprotected  from  the  severe  cold  of  the  winters  of  the  climate 
of  Lawrence.  As  a  result  of  this,  a  thick  coating  of  ice  forms  upon 
the  filter  and  has  to  be  removed  to  enable  the  surface  to  be  scraped. 
The  surface  is  very  much  disturbed  by  the  removal  of  the  ice,  and 
the  bacterial  efiiciency  of  the  filter  is  not,  at  times,  as  good  as  it 
otherwise  would  be. 

The  effect  of  this  filter  upon  the  health  of  the  people  of  Lawrence 
is  well  shown  by  the  following  table,  giving  the  deaths  from  typhoid 
fever  in  the  city  during  the  period  1885  to  1896  inclusive.  Many 
of  the  deaths  are  of  operatives  in  the  mills  which  are  piped  with  the 
unfiltered  river  water. 

Deaths  Jrom  Typhoid  Fever  in  Lawrence,  1885-96. 


Ybau. 


ToUl 

Number  of 

Deaths. 


1886, 
1888, 
1887, 
1888, 
1880, 
1800, 
1801, 
1802, 
1803, 
1804, 
1806, 
1800, 


17 
23 
47 
48 
65 
60 
66 
60 
SO 
24 
16 
10 


Deaths 

per  10,000  of 

Population. 


4.20 

6.78 

11.76 

12.00 

13.76 

18.33 

12.20 

11.11 

8.06 

6.00 

8.07 

1.86 


Pbrsovs  who  mat  hatb  bbi 
BXPoasD  TO  IwrBcnoa  — 


B7  Drinking 
Canal  Water. 


While  Uvtoi 

ootof  Town 

Jost  before  flUl- 

inc  Sick 
In  Lawrene*. 


12 
0 
2 


4 
2 

4 


No.  34.]  FILTRATION  OF  WATER.  569 

The  daily  bacterial  determinations  made  during  the  winter  of 
1895-96  were  given  in  the  last  report.  During  the  summer  of  1896 
bacterial  determinations  were  made  once  each  week,  and  from  Dec. 
1,  1896,  to  April  30,  1897,  daily,  except  Sundays  and  on  a  few  other 
occasions.     All  the  determinations  made  are  given  in  the  tables. 

The  bacteria  found  in  the  filtered  water  at  the  different  points 
occasionally  numbered  more  than  100  per  cubic  centimeter.  These 
high  numbers  were  partly  due  to  the  following  causes :  — 

From  May  14  to  June  1  a  species  of  bacillus  which  was  common 
in  the  air  appeared  in  the  water  at  the  outlet  of  the  reservoir  in  con- 
siderable numbers.     The  bacillus  was  found  in  the  tap  water  at  the 
city  hall  after  May  20,  and  in  the  tap  water  at  the  experiment  sta- 
tion after  May  24.     During  the  last  week  in  May  the  filter  was 
scraped,  spaded  10  inches  deep  and  restored  to  its  original  level 
with  washed  sand.     During  the  week  which  preceded  July  20  re- 
pairs were  made  in  the  force  main  leading  from  the  pumping  station 
to  the  reservoir.     During  this  period  the  sediment  which  bad  col- 
lected within  the  main  at  certain  places  was  scraped  off*  and  passed 
into  the  reservoir.     From  August  10  to  22  engineers  made  a  series 
of  tests  on  the  pumps  at  the  station  and  on  the  water  main.     The 
force  main  leading  from  the  pumps  to  the  reservoir  was  tapped  at 
several  places  and  gauges  were  attached.     The  water  was  drawn  out 
of  the  main  and  its  interior  partially  scraped,  and  finally  a  weir  was 
constructed  about  the  overflow  of  the  force  main  in  the  reservoir,  to 
measure  the  volume  of  water  pumped.     About  September  1  the  floor 
in  the  station  at  one  side  of  the  pump  well  was  torn  up,  in  order  to 
build  the  foundation  for  a  new  pump,  and  a  pipe  was  laid  from  the 
pump  into  the  well.     While  these  changes  were  being  made,  foreign 
matter  of  various  kinds  was  washed  into  the  filtered  water  in  the 
pump  well  and  pumped  up  into  the  reservoir.     This  work  of  con- 
struction lasted  until  November  30. 

The  high  number  of  bacteria  in  the  tap  water  at  the  experiment 
station  on  October  30  was  due  to  dirt  which  washed  into  the  pipe 
during  repairs  in  the  water  main. 
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Number  of  BacUria  per  Cubic  Centimeter  in  the  Lawrence  City  Water  before  amd 

after  Filtration. 


May    4, 

U. 
18, 

21. 
JaiM   1, 

•. 

1ft, 

«. 

». 

Jnly    6, 

18, 
20. 
28. 
Aag.  3. 
10, 

n, 

24. 

SI, 
B«pt.  6, 

14. 

22. 

28, 
Oct.     «, 

13. 

W. 

28. 
Not.    2. 

1«. 
25. 


Datb— 18*«. 


In  the 

Merrimack 

BIyerWatM'. 


ATeragM, 


1.800 

1.860 

8.000 

11.000 

0.100 

10.700 

13.800 

li.000 

8.000 

8.400 

6,900 

2,000 

2.200 

2.200 

8.800 

2,000 

6.800 

8,400 

13,700 

24,000 

0,200 

18,000 

9,700 

13,000 

13,000 

5,800 

0,100 

6,600 

6,500 

4.800 

6,100 

6,000 

7.623 


I«  PiLTBXKD  WATSB  FBOX 


City  FUter. 


R«Mrvotr 
OuUat. 


22 
29 
17 
142 
168 
96 
28 
18 
81 
70 
84 
12 
22 
29 
784 
876 
81 
88 
32 
30 
50 
82 
80 
81 
16 
30 
44 
42 
68 
46 
58 
25 

78 


28 

7 

201 

00 

290 

168 

36 

41 

87 

84 

11 

344 

98 

66 

336 

180 

189 

206 

222 

288 

104 

75 

53 

167 

78 

64 

48 

72 

147 

57 

60 

21 

119 


Tap  at 
atyHalL 


12 

T 

68 

66 

197 

111 

19 

16 

62 

87 

196 

146 

62 

83 

167 

91 

116 

187 

122 

107 

107 

68 
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85 

36 

40 
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55 
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27 

30 

80 

78 
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tlMExpMl- 

BtatloD. 
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18 
M 
48 

108 

at 

16 
17 
48 
U 
71 

112 
81 
66 
99 
82 
72 
66 
68 
60 
62 
42 
40 
66 
48 
40 

160 
31 
88 
28 
28 
80 

88 
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DaOy  Baeterial  BuulU,  Lawrence  OUg  Water. 
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Daiij/  BaeleriiU  BetKUi.  iMortnee  City  Water. 
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Daily  Baeterial  Result*,  Lawrence  OUy  Water. 

[Baeterl*  per  Coble  Centimeter.] 


w       ^^ . 

IH  FiLTsaED  Waraa  fbom 

Contfttloa 
of 

LOM 

of 

DATS  - 1897. 

In  River 
Water. 

City 
FUter. 

Retenrolr 
Oattct. 

Tap  at 
City  Hall. 

Tap  at 

Experiment 

Station. 

BnrflMe 

when 

Pomp*  were 

Stoppad. 

Head. 
Feet. 

February  1,    . 

e 
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61 

63 

62 

86 

2.    . 

• 

11,000 

88 

- 

26 
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- 
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Monthly  Averages  of  BactericU  Results  from  the  Lawrence  City  Water, 


lloirrHt. 


May  to  November,  InolneiTe, 
Deeember, .... 


January, 
Febmary, 
Marob, 
AprU, . 


1897. 


Avera^, 


Per  eent.  wblob  tbe  avera^  namber  of  bacteria 
removed  was  of  tbe  average  namber  of  river 
bacteria, 


BacTBaiA  FBB  Cubic  Cbbtimbtsb  im  Watbb  vboh 


River. 


7,523 
9,095 

18,S14 

13.113 

12,065 

6.904 


10,4S4 


EfBoent 
at 

FUtcr. 


78 
67 

91 
79 
67 
47 


71 


99.82 


Retervotr 
Outlet. 


119 
59 

73 
92 
OS 

39 


74 


99.29 


atvHaU 
Tap. 


78 
W 

49 

48 
62 
61 


58 


99.45 


BzperlmcnC 

Station 

Tap. 


55 

42 


62 

88 
60 


60 


90.68 


The  following  tables  give  the  averages  of  the  chemical  analyses  of 
the  river  water  and  also  of  the  filtered  water  collected  at  varioas 
points  on  the  water  supply  system  once  each  week  during  the  year. 
The  bacterial  results  given  in  these  tables  are  of  these  samples  only. 

Monthly  Averages  of  Analyses  of  the  Merrimack  River  Water  as  it  flows  uptm  the 

Lawrence  City  Filter, 

[Parte  per  100,000.] 


Tempera- 
ture. 

Deg.  F. 

1 

AHHOMI*. 

Chlorine. 

NlTBOOKM  A8 

B 

a 

1 

i 
1 

S 

i 

▲LBCMIVOID. 

1 

1 

Nitrites. 

if 

]M«. 

a 

Jannary, . 

88 

.42 
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.0150 

.18 
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.0001 
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February, 

84 
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March,     . 
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.0000 

.40 

XaV 

6«400 

July,       .       , 

76 

.86 

.0152 

.0227 

.0171 

.27 

.009 
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Monthly  Averages  of  Analyses  of  Effluent  firom  the  Ctty  S 
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Monthly  Averages  of  Analyses  of  Water  from  the  Outlet  of  lAe  Distributing 


[PirU  p«T  100,000.] 
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Monthly  Averages  of  Analyst  fivm  a  Tap  at  the  Lawrence  City  Hall. 

[PuU  p«r  100,000.] 
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S2 

July,    . 
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.10 
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144 
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74 

.18 
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.80 

.088 
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.14 
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104 
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87 

.10 
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.24 
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.18 

1.00 

78 

October, 

67 
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.28 
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.28 

2.00 

40 

November,  . 

i        48 
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.48 
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.22 
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2.08 

87 

December,  . 

80 

.U 
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1S4 

Arerage, 

68 

.82 

.0088 
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.23 
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84 

Monthly  Averages  of  Analyses  of  Water  from  a  Tap  at  the  Lawrence  Experiment 

Station, 

[ParU  per  100,000.] 


Tempera- 
ture. 

Deg.  F. 

i 
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Amuomia.     ' 

4 

0 
o 

S 

KlTSOOKM  ▲■ 

a 

0 

M 

o 

i 

B 
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i 
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Janaary, 

•             • 

40 

.41 

.0173 

.0108 

.20 

.044 

.0000 

.36 

2.06 

1 

74 

Febmary,    . 

80 

.36 

.0038 

.0100 

.22 

.046 

.0000 

.30 

1.06 

144 

March.         .       . 

40 

.38 

.0042 
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.20 

.041 

.0000 

.24 

1.86 

167 

April,  .... 

43 

.34 
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.0079 

.16 

.037 

.0000 

.17 

1.50 

48 

May 

54 

.27 
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.20 

.044 
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.20 

1.70 

80 

Jane,    .... 

58 

.26 
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.22 

.047 

.0000 

.20 

2.00 

81 

Jaly,    .... 

67 

.17 

.0014 

.0073 

.28 

.044 

.0000 

.16 

1.00 

86 

Augast, 

70 

.15 

.0011 

.0062 

.30 

.040 

.0000 

.18 

2.00 

66 

September, 

67 

.16 

.0021 

.0086 

.24 

.045 

.0001 

.17 

2.00 

47 

October, 

58 

.28 

.0026 

.0100 

.34 

.050 

.0000 

.22 

2.00 

86 

November,  . 

53 

.47 

.0022 

.0116 

.22 

.040      .0000 

.36 

2.00 

SO 

December,  . 

80 

.48 

.0029 

.0111 

1 

.24 

.046 

.0000 

.32 

1.70 

88 

Average, 

• 

50 

.81 

.0086 

.0001 

1 
.24 

1 
.044      .0000 

1 

1.88 
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Sewage  Disposal 


OF 


CITIES  AND  TOWNS  IN  MASSACHUSETTS 


BT 


INTERMITTENT  FILTRATION. 


[67»] 


•  ■ 


*    « 


Sewage  Disposal  of  Cities  and  Towns  in  Massachu- 

sens  by  intermihent  filtration. 


During  the  year  1896  works  for  the  disposal  of  sewage  were  con- 
structed at  Natick,  Leicester  and  the  Westborough  Insane  Hospital. 
The  results  of  examinations  of  sewage  and  effluent  collected  from 
the  various  works  and  examined  during  the  year  1896  are  given  in 
the  tables  which  follow,  together  with  statistics  as  to  the  works. 
At  the  end  of  1896  there  were  11  cities  and  towns  in  the  State  in 
which  the  purification  of  the  sewage  is  effected  by  filtration  through 
beds  of  gravel  or  sand,  and  the  sewage  of  several  large  institutions 
is  disposed  of  by  this  method. 

Sewage  Disposal  at  Brockton. 

The  sewage  disposal  works  of  the  city  of  Brockton  were  first  put 
in  operation  in  November,  1894.  The  total  number  of  connections 
delivering  sewage  to  the  sewers  during  the  last  quarter  of  1896  was 
309,  of  which  154  were  from  dwelling-houses  and  155  from  factories, 
business  blocks,  hotels  and  public  buildings. 

The  following  table,  taken  from  the  report  of  the  city  engineer  of 
Brockton  for  1896,  gives  the  average  amount  of  sewage  disposed  of 
and  the  average  temperature  of  the  sewage  as  it  reached  the  beds :  — 


MOMTH. 


Arerage  Dallv 

Flow  at  Field 

(OftUons). 


Temperature 

Sewage  at 

Field 

(Degrees  F.). 


Janoary, 
Febmary, 
March,  . 
AprU,    . 
May.      . 
jQDe,     . 
July, 
Augoat, 
September, 
October, 
November, 
December, 


474,000 
6«8,400 
648,600 
475,100 
821,000 
881,700 
822,800 
806,000 
627,100 
600,100 
616,000 
660,000 


48.6 
42.6 
42.4 
46.0 
62.1 
66.8 
60.0 
62.2 
61.0 
67.4 
64.1 
4t.9 


The  results  of  examinations  of  the  sewage  and  effluent  from  these 
works  made  in  March,  1897,  are  given  below. 


STATE   BOARD   OF  HEALTH.         [Pab.  Doc. 


Chemieat  Examintaion  of  Sewage  ftvm  BroeUon. 
[Puu  per  mjmt.] 


m  BrirouTnn. 


jtll    4^ 


Think. 
DOTldad,  mUkj. 


HM1T7,  ilkrk. 

euabt. 


Chemiad  Sxaminaiion  of  Sewage  from  Srocklon—  Concladed. 

[Puu  p«r  100.000.] 
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1 
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1.43 
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(Acmtco/  SxamiruUion  of  Effluent  frwn  an  Underdrain  at  the  Brockton  Betoage 
Ditposal  Worki. 

f  Piru  par  100,000.] 
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Sewaob  Disposal  at  Fbaminqhah. 

At  the  end  of  1896  about  850  dwelling-houses  and  50  busiaew 

blocks,  stores,  fitctoriee,  etc.,  were  coooected  with  the  sewers.     The 

Women's  Prison,  baring  a  population  of  about  300,  located  withio 

the  limits  of  the  town  of  Sherbom,  is  also  connected  with  the  works. 
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Analyses  of  samples  of  the  sewage  and  efflaent  collected  during 
the  year  are  given  in  the  tables  which  follow  :  — 


Chemical  Examination  of  Sewage  from  Framingham, 

[ParU  per  100,000.] 


• 

e 
o 

t 

O 

5 
& 

1 

Apfkabahok. 

RsaiDDB  oil  EVAPOBATIOH. 

Turbidity. 

1 
Sediment 

TOTAL  EBainUB. 

LOSS  on  IQKITIOS. 

1 

a 

m 

• 

1 

• 

si 

1 

• 

J 

s 

i 

oo 

16887 
15078 
16056 
16160 
16286 
16326 
16416 
16592 
16761 
16089 
17196 
17416 
17646 
17837 
18040 
18186 

18»«. 

Jan.   16 
Jan.   20 
Feb.  12 
Feb.   26 
Mar.  11 
Mar.  26 
April  16 
May    13 
June  10 
July  16 
Aug.  13 
Sept.    9 
Oct.    16 
Nov.  11 
Dec.     9 
Dec.  28 

Decided,  milky. 

Thick. 

Thick. 

Thick. 

Decided. 

Decided. 

Thick. 

Thick. 

Thick. 

Thick. 

Thick. 

Decided,  heavy. 

Decided. 

Decided. 

Thick. 

Thick,  milky. 

Distinct,  black. 
Cons.,  earthy. 
Cons. 

Cons.,  aandy. 
Cons. 

Heavy,  black. 
Very  heavy. 
Very  heavy. 
Heavy,  dark. 
Heavy,  dark. 
Heavy,  dark. 
Heavy. 
Heavy,  black. 
Heavy. 
Very  heavy. 
Heavy,  dark. 

176.40 

814.20 

810.80 

247.40 

166.00 

460.20 

208.60 

682.20 

68.20 

62.20 

180.00 

62.20 

60.00 

460.40 

208.20 

416.40 

81.60 
26.60 
81.20 
28.40 
20.60 
28.20 
84.40 
67.40 
81.80 
4t.80 
44.60 
41.10 
82.40 
66.20 
20.40 
82.40 

148.80 

287.60 

279.60 

224.00 

184.40 

482.00 

100.20 

624.80 

86.40 

20.40 

1U.40 

11.00 

26.60 

804.20 

268.80 

888.00 

146.20 

276.60 

271.80 

216.60 

126.00 

418.80 

164.00 

668.20 

40.40 

20.60 

186.60 

21.40 

88.00 

876.80 

261.00 

871.00 

12.20 

11.00 

16.40 

7.80 

6.40 

11.20 

10.80 

29.40 

10.40 

11.80 

18.20 

12.60 

10.40 

17.80 

0.40 

8.60 

188.00 

264.60 

266.40 

207.80 

110.60 

402.00 

163.20 

628.80 

80.00 

17.80 

122.40 

8.80 

22.60 

868.00 

S62.20 

8«S.40 

Av 

246.26 

87.68 

208.68 

190.82 

18.08 

186.74 

Chemical  Examination  of  Sewage  from  Framingham  —  Concluded. 

[ParU  per  100,000.] 


Ammoiiia. 

4 

a 

1 

6 

NlTBOOBM  AS 

OXTGBll 
COMSUXBO. 

IBOV. 

1 

ALBUXIMOID. 

1 

• 

f 

i 

5 

• 

c 
e 
D 

• 

• 

1 

1 

D 

m 

1 

9 

9i 

• 

1 

Dis- 
solved. 

• 

d  * 

00 

i 

n 

16887 

1.6000 

2.5200 

.2820 

2.2880 

4.78 

.0000 

.0000 

12.69 

2.81 

0.8100 

0.1200 

6.6 

15078 

2.0000 

1.7300 

.2600 

1.4800 

4.22 

.0030 

.0000 

9.76 

2.26 

0.8400 

0.0600 

4.7 

16066 

1.6800 

7.6100 

.5700 

7.0400 

8.60 

.0060 

.0022 

26.62 

8.60 

0.6000 

0.1600  j 

16.4 

16150 

1.4400 

4.1400 

.2800 

3.8600 

3.30 

.0060 

.0000 

12.06 

2.64 

0.6100 

0.0900 

9.8 

16236 

1.1600 

3.7900 

.1600 

3.6400 

8.64 

.0000 

.0000 

16.81 

1.79 

0.3100 

0.0600 

7.0 

16326 

1.0000 

8.1800 

.2540 

7.9260 

3.90 

.0060 

.0000 

18.37 

2.50 

1.4000 

0.8800 

18.3 

16416 

2.8800 

1.9120 

.3680 

1.5440 

6.60 

.0000 

.0000 

14.09 

8.86 

0.2600 

0.0720 

6.T 

16592 

4.8000 

5.3500 

.7400 

4.6100 

5.46 

.0060 

.0010 

39.86 

2.30 

4.2000 

1.0400 

11.3 

16761 

2.7520 

0.8940 

.8820 

0.5120 

6.40 

.0000 

.0010 

5.98 

2.12 

0.1600 

0.0600 

6.0 

16989 

2.1600 

0.5040 

.2420 

0.2620 

11.20 

.0000 

.0000 

4.18 

2.98 

0.1240 

0.0720 

6.7 

17196  1 

3.1360 

1.3880 

.2640 

1.1240  1 

12.40 

.0000 

.0000 

10.67 

2.92 

0.2500 

0.0840  j 

6.0 

17416 

2.0800 

0.3800 

.1920 

0.1880  1 

8.78 

.0060 

.0000 

8.26 

1.80 

0.1600 

0.0900  • 

6.2 

17646 

2.8800 

0.6680 

.2800 

0.4380 

6.98 

.0000 

.0000 

8.18 

2.96 

'  0.1860 

0.0660 

8.3 

17837 

6.4000 

6.6400 

.4600 

5.1800 

10.50 

.0070 

.0000  : 

31.36 

4.M 

1  1.0200 

0.2760  . 

6.4 

18040 

3.4000  I 

2.4300 

.8100 

2.1200 

6.25 

.0030 

.0000  : 

23.13 

4.72  ! 

;  0.8300 

0.1040  1 

4.8 

18186 

2.2000 
2.8607  { 

1.5800 

.4600 

1.1300 

0.40 

.0000 

.0000  ' 

28.88 

4.64  1 

0.6300 

0.0800 

1 

4.6 

1 

Av. 

2.7272 

.3438  1 

1 

2.3884 

7.23 

.0023 

.0003 

15.92 

2.95  j 

0.7096 

0.1883 

7.8 

Odor,  offensive.  —  The  sewage  was  collected  at  it  flowed  out  upon  the  filter  beds. 
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Chemical  Examination  of  Effluent  from  the  East  Underdrain  of  the  Framingham 

Filter  Beds, 

[Paru  per  100,000.] 


Date  of 

Collection. 

Appbaeaiicb. 

Odos. 

1 
§1 

as 

• 

s 

a 

TurbMlty. 

1            ! 
1 

Sediment.  ■     g     < 

6   , 

Cold. 

1 

1 
1 

Hot. 

16890 
16080 

1605S 

16161 
16238 
16828 
16418 

16604 
16763 
16001 
17107 
17417 
17648 
17830 
18042 
18188 

Ar,. 

ISM. 

Jan.   15 
Jan.   20  , 

Feb.    12 

Feb.   26 
Mar.  11 
Mar.  26 
April  15 

May    IS  ! 
June  10  1 
July    15 
Aug.  IS 
Sept.    0  j 
Oct.    15  1 

Nov.  11  : 

Dec.     0 
Dec.   23 

None. 
Blight. 

V  slight. 

Distinct. 
None. 
V.  slight, 
v.  slight. 

None. 
,  None. 
■  None. 
,  None. 
,  None. 
1  None. 

None. 

V.  slight. 

None. 

None. 
Slight. 

Blight. 

Srt.earthy. 
V.  slight. 
None. 
V.  slight. 

None. 
Blight. 
None. 
V.  slight. 
V.  slight. 
Blight. 
V.slieht. 
V.  slight. 
None. 

.00 
.02! 

1 

.02 

.10  1 
.08 
.03 
.01 

.00  ! 
.00 

.00  : 

.01  • 
.01  , 
.02 
.03  ) 
.01  . 
.00 

.02 

Distinctly  earthy. 
Fsintly    musty  and 

unpleasant. 
Distinctly    musty  and 
disagreeable. 
:  Distinctly  unpleasant. 
<  Distinctly  musty. 
Distinctly  disagreeable. 
Decidedly  musty. 

1  None. 

'  Distinctly  musty. 

None. 

Faintly  musty. 

None. 
'  None. 

None. 
.  None. 

Oily. 

Decidedly  musty. 
Distinctly  musty  aod 

disagreeable. 
Decidedly  musty  and 

dlssgreesble. 
Distinctly  dlsagraaabl*. 
Decidedly  musty. 
Distinctly  musty. 
Decidedly  musty  and 

disagreeable. 
Faintly  musty. 
Decidedly  musty. 
None. 

Faintly  musty. 
None. 

Faintly  mouldy. 
None. 

Faintly  musty. 
None. 

90.00 
10.86 

18.80 

18.86 
;  18.00 
:  IT.n 
'  28.60 

21.60 

,  88.00 
34.70 
88.80 
28.00 
27.70 

2T.ao 

30.00 
27.70 

1 

1 

20.47 

1 

1 

Chemical  Examination  of  Effluent  from  the  East  Underdrain  of  the  Framingham 

Filter  Bcds^  Concluded. 


[Psrts  per  100,000.] 

AHMOKIS. 

1            o 

a 

i             NiTIOOIK  AS 

n 

on  tamed. 

• 

i 

• 

:        2       1        • 

• 

li 

Chlori 

Itrst 
Itrlte 

1        ^o 

M 

c 

• 

» 

u< 

<      i 

1        *        1        v; 

o 

S3 

5 

15S80 

.0800 

.0060 

1 

4.02 

0.6250 

1 

.0020 

.10 

4.0 

.0090 

16080 

.4080 

.0270 

4.64 

0.3000           .0075 

.27 

4.0 

.0060 

16068 

.4880 

.0220 

3.80 

0.1800 

.0100 

.23 

4.6 

.0180 

16161 

.5920 

.0160 

4.02 

0.2800 

.0050 

.21 

4.6 

.0190 

16238 

.4000 

.0010 

3.67 

0.2800 

.0030    ; 

.20 

4.3 

.0150 

16328 

.8280 

.0070 

3.58 

1      0.3700 

.0020      1 

.40 

7.3 

.0080 

16418 

.5920 

.0090 

3.72 

0.6800 

.0030 

.16 

6.8 

.0080 

16504 

.1200 

.0120 

8.98 

0.8000 

.0010 

.12 

7.0 

.0010 

16763 

.8440 

.0130 

5.18 

1.3000 

.0030 

1         .15 

10.0 

.0090 

16091 

.0136 

.0040 

6.30 

1       1.0000     1       .0012 

.11 

7.2 

.0010 

17107 

.1160 

.0270 

6.60 

1       1.1250 

.0060 

.15 

8.4 

.0010 

17417 

.0144 

.0064 

6.99 

0.5600 

.0008 

.04 

60 

.0000 

17648 

.0320 

.0060 

6.02 

1.0000 

.0010 

1         .IT 

6.0 

.0100 

17H39 

.0360 

.0058 

6.02 

0.6000    :       .0020       ! 

.10 

6.0 

.0100 

18042 

.0576 

.0066 

0.02 

1.3750 

.0030       i 

.10 

6.0 

.0080 

18188 

.0720 

.0088 

6.56 

1.0000 

1 

.0020       j 

.18 

6.2 

.0040 

Av.. 

.2067 

.0109       i 

1 

6.24 

0.7683           .0020      ! 

i 

!        .16 

1 

6.6 

.0048 

The  samples  were  collected  from  the  underdrsin  at  its  outlet. 
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Chemical  Examitiation  of  Effluent  from  the  Wett  Underdrain  at  the  Framinghat 
FiUer  Beds. 


1,  t 

^,..„„. 

0.... 

"T 

Turbldtty. 

i 

Cald. 

.». 

U 

1»T9     Jm!   39 
1W5I  1  F=h.   IM 

IS^T     Unr.  11 
1«3M      MKt.  28 

!S  a;"i! 

WTM     .Tdd.  10 
IBMW      July    IS 
lim      AOB.  13 

lUie  ;  Sapt.    (1 

ITUa  '  Not.  11 
1»MI     Dw,     a 
18197  ,  Dm.  13 

None. 

Nod*! 

None. 
V.  •  light. 
V.  ■IlKlil. 
V.  .light. 
None. 

V.illt°>"- 
eL-t,iDlJky 

Sllgbi. 

No'n.."  ■ 

V,. light. 

Noae. 

HDae! 

liisr 

V.allghl. 

OS 
M 

Filnliy  BiiUiy. 

None! 

DliUiietly  many. 

F«Dlly  mnily, 
DIHlDslly  rauiiy. 

DMidMllyniKMy. 

FalnUy  mnily.  ' 
F-lmly  muly. 
FalDily  muaiy. 
Decidedly  muily. 

It 

•0 

10 

Chemical  Examination  of  Effluent  from  the  Weal  Underdrain  at  the  Framingham 
FilUr  Beds— Concluded. 


(P.r 

u  par  100,000.] 
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Chetnical  Examination  of  Water  firom  a  Spring  near  Bannister  Brook  wkidk 
receives  Effluent  from  the  Framingham  Filter  Beds. 

[ParU  per  100,000.] 


• 

APPBAaAMCB. 

Odob. 

. 

1 

4 

3« 

.• 

1 

1 

1 

^3 

Turbidity. 

Sediment 

i 

Cold. 

Hot 

a 
a; 

2 

1 

§ 

2 

ISM. 

1 

: 

16800 

Jan.    15 

1  None. 

Nooe. 

.00 

None. 

None. 

18.80 

16081 

Jan.   20 

1  None. 

Nooe. 

.00 

Nooe. 

None. 

IT.M 

16060 

Feb.  12 

>  None. 

Nooe. 

.00 

None. 

None. 

18.10 

16140 

Feb.  26 

.  None. 

None. 

.00 

None. 

None. 

19.00 

ie2»  '  Mar.  11 

1  None. 

None. 

.02 

None. 

Faintly  earthy. 

19.S0 

16329 

Mar.  26 

,  None. 

Nooe. 

.00 

Nooe. 

None. 

17.60 

16410 

Apr.  15 

None. 

None. 

.00 

Nooe. 

None. 

16.40 

16606 

May    IS 

None. 

None. 

.00 

None. 

None. 

17.80 

16764 

Jane  10 

None. 

V.  •light. 

.00 

None. 

None. 

19.10 

1600-i  i  July   16 

j  None. 

None. 

.00 

None. 

None. 

ao.99 

17108 

Aag.  18 

Nooe. 

None. 

.00     1 

None. 

None. 

19.70 

17418 

Hept.    0 

'  None. 

V.  allf  hi. 

.00 

None. 

None. 

S2.ao 

17610 

Oct.    16 

None. 

V.  slight. 

.00 

None. 

Nooe. 

90.10 

17841 

Noy.  11 

>  None. 

None. 

.02 

None. 

Faint. 

18.00 

18044 

Dee.     0 

1  None. 

Blight. 

.00 

None. 

None. 

19.10 

18180 

Dee.  28 

None. 

None. 

.00 

None. 

None. 

19.80 

^▼.. 

.00 

1 

19.08 

1 

1 

Chemical  Examination  of  Water  from  a  Spring  near  Bannister  Brook  whieh 
receives  Effluent  from  the  Framingham  Filter  Beds — Concluded. 

[ParU  per  100,000.] 


Ammonia. 

4 

NrraoGBM  as 

1 

a 

s 

• 

8 

« 
e 

1 

1 

1 

i 

• 

s 

o 

1 

i 

1 
1 

a 

s 

1 

II 

< 

Chlo 

9* 

■c 

1 

1 

;   1 

15800 

1 
.0000      '        .0084 

1 

8.19 

.7000 

.0000 

.08 

4.4 

.0040 

15061 

.0008               .0024 

3.80 

.7000 

.0000 

.06 

4.6 

.0050 

16060 

.0006               .0022 

8.60 

.8000 

.0000 

.06 

5.1 

.0160 

16140 

.0000               .0016 

3.42 

.6000 

.0000 

.00 

4.7 

.0020 

16230 

.0006              .0016 

3.44 

.5400 

.0000 

.01 

4.6 

.0000 

16320 

.0000 

.0026 

3.42 

.7300 

.0000 

.04 

6.0 

.0020 

16410 

.0008               .0020 

3.00 

.5000 

.0000 

.01 

4.2 

.0000 

1661)5 

.0000      1        .0026 

3.41 

.6000 

.0000 

.01 

4.3 

.0010 

16764 

.0004               .0028 

3.40 

.6800 

.0000 

.06 

6.5 

.0090 

10002 

.0002               .0022 

3.50 

.7500 

.0001 

.05 

4.9 

.0010 

17198 

.0000               .0042 

3.40 

.6250 

.0003 

.03 

4.9 

.0040 

17418 

.0002      1        .0076 

3.56 

.5000 

.0000 

1        .01 

5.2 

.0000 

17649 

.0004       1         .0046 

3.61 

.7200 

.0000 

.05 

4.9 

.0460 

17841 

.0000               .0014 

3.50 

.6000 

.0000 

.02 

4.7 

.0060 

18044 

.0000               .0020 

3.56 

.6250 

.0000 

.10 

5.3 

.0000 

18189 

.0006               .0018       1 

8.58 

.7500 

.0000 

.90 

5.7 

.0090 

Av..  1 

1 

.0003               .0030 

1 

3.43 

.6415 

i 

.0000 

.04 

4.9 

.0080 

No.  34.]         SEWAGE  DISPOSAL  OF  TOWNS. 


Chemical  ExamiTUtNon  oj  Water  fnm  Bannister  Broo'ic  betow  the  Framingham 
FiUer  Bed*. 

[PuU  par  100.000.] 
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Odor  of  Uw  Bnn  ml 


Sbwaoe  Disposal  at  Gabdneb. 
The  area  used  for  the  disposal  of  sewage  at  Gardner  was  enlarged 
ia  1896  by  the  constructioo  of  several  new  filter  beds,  bringing  the 
total  area  up  to  about  2.75  acres.  The  quantity  of  sewage  delivered 
to  the  filter  beds  is  not  definitely  known.  At  the  end  of  1896  the 
sewers  were  used  by  432  families,  38  business  blocks,  hotels  and 
public  buildings,  5  school-housea  and  11  factories,  and  it  is  estimated 
that  the  total  number  of  people  connected  with  the  sewers  is  about 
5,500.     The  total  length  of  the  sewers  is  a  little  over  9  miles. 
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ChemiecU  Examination  of  Sewage  from  Oardner. 

[P*rU  par  100,000.] 


of 
Collection. 

Appbaeavcb. 

Rbsidub  ov  ] 

BVAPOBATIOV. 

Tarbidlty. 

Sediment. 

TOTAL  BSaiDUB. 

'       LOSS  ov  lavrrRMi. 

i 

a 

a 

as 

• 

1 

• 

i 

• 
C 

1 

mi 

i1 

;    2 

5^ 

Total 

l» 

i^ 

19»6. 

1 

15892 

Jan.    15 

Thick,  mllkv.       Heavy ,  white. 
Decided,  milky.   Cons.,  floe. 

37.60 

'    21.60 

16.00  > 

S8.40 

10.10 

18.90 

16076 

Jan.   29 

18.20 

14.00 

4.20  , 

0.40 

0.20 

8.90 

160U 

Feb.   12 

Decided,  milky.   Cons. 

27.00 

15.40 

11.60 

14.80 

5.00 

O.N 

16163 

Feb.  26 

Thick.                   Cons. 

29.60 

22.60 

7.00 

17.80 

13.00 

4.80 

10241  , 

Mar.  11 

Decided.               Cons. 

29.80 

20.40 

0.40  ' 

16.60 

0.40 

T.» 

16823  i 

Mar.  25 

Decided.             •  Cons. 

40.00 

82.20 

18.80 

81.40 

18.40 

18.01 

16421  ! 

Apr.   15 

Thick.                  Heavy. 

31.60 

17.00 

14.60  ; 

17.60 

5.20 

12.41 

16601 

May    13 

Thick,  milky.       Heavy. 
Decided,  milky.    Heavy. 

41.80 

23.00 

18.80 

24.00 

9.00 

15.00 

16768 

June  10 

57.40 

19.00 

38.40 

24.60 

6.00 

18.08 

17001 

July    15 

Thick.                   Cons. 

34.60 

22.80 

11.80 

10.00 

10.00 

9.00 

17101 

Aug.  12    . 

Thick.                  Heavy,  while. 

29.00 

20.00 

9.00    1 

17.00 

9.40 

T.6i 

17411 

Sept.    9    . 

Decided,  heavy.    Heavy. 

69.60 

29.20 

80.40  II 

89.20 

12.80 

16.46 

17644 

Oct.    14    > 

Decided.               Heavy,  brown. 

27.00 

10. ao 

7.80 

12.20 

6.80 

6.46 

17850 

Nov.  11 

Decided.               Heavy. 

80.00 

20.60 

9.40 

17.00 

8.80 

8.20 

18032 

Dec.     9   . 

Thick.                   Heavy. 

25.80 

18.20 

7.60    ' 

11.80 

8.00  ; 

8.10 

18184 

Dec.  23   ' 

Decided,  milky.    Heavy. 

1 

53.80 
37.07 

28.00 

26.20    1 

88.60 

16.00 
9.22 

12.60 

Av.. 

21.44 

16.63  1 

il 

21.04 

11.81 

1 

'                             1 

Chemical  Examination  of  Sewage  from  Oardner —  Concluded. 

[ParUper  100.000.] 


AMMOIOA.                              ! 
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NintOGKX  AS  ; 

1 

III: 

OXTOBX  COXSCMBD. 

IROV. 
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• 
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2.0800 
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.  1 

e 

• 

e 
:3 

1 

i 

i 

a 

o 

• 

5 

o 

i 

5 

.      1 

00            , 

i  : 

;    «• 

16892 

0.5240 

0.3460 

1 
.1780 
.1560 

.0000 

.0160 

1      4.60 

2.71 

.0500 

.0600  i 

8.4 

15076 

2.5600 

0.3180 

0.1620 

2.12 

.0180 

.0550  , 

i      2.07 

1.66 

.0860 

.0800  ^ 

16054 

3.5200 

0.6420     0.3100 

.3320  1 

2.88 

.0050 

.0010 

8.04 

2.04 

.0640 

.0200  i 

16153 

2.2000 

0.5000     0.4100 

.0900 

2.80  , 

.0550 

.0096 

4.n 

3.20 

.0440 

.0140  I 

16241 

1.9840 

0.4040     0.2220 

.1820 

2.86 

j  .0950 

1   .0170 

3.29 

1.72 

.0400 

.0200  ' 

16323 

2.0800 

1.3880  '  1.0S80 

.3500 

3.36 
2.98 

.0350 

;   .0180 

3.47 

2.30 

.0660 

•0860  ' 

16421 

3.8400 

1.1020  i  O.iilOO 

.5860 

.0020 

.0000 

3.97 

2.28 

.0700 

.0280 

16601 

3.9200 

0.7000     0.4300 

.3600 

3.40 

.0030 

.OOiH)  , 

3.76 

2.30 

.0760 

.0560 

16768 

3.328U 

0.6520 

0.2880 

.3640 

2.78 

.0050 

.0000 

5.52 

2.52 

.0000 

.1800 

17001 

5.1200 

0.5680 

0.2300 

.3380    1 

3.40 

.0000 

.0000  : 

4.50    , 

3.02 

.0780 

.0540 

17191 

1.6W0 

0.4600 

0.1800 

.2800  1- 

2.40 

.0000 

.0000 

3.51 

1.87 

.1080 

.0660 

17411 

1.9200 

0.5520 

0.2340 

.3180  1 

3.82 

.0050 

.0000  . 

3.07 

1.95 

.1700 

.0500 

17644 

1.9200 

0.3620 

0.1620  i 

.2000  ! 

2.85 

.0010 

.0000  > 

3.08 

2.13 

.1160 

.0520 

17850 

1.4560 

0.5980     0.3940 

.2040 

2.94 

.0800 

.0000 

4.02    ■ 

3.10 

.1000 

.0820 

18032 

1.4400 

0.8720  '  0.1740 

.1980 

2.30 

.0800 

.0050 

3.16 

1.38 

.8600 

.0460 

18184 

1.9200 
2.6730 

0.6240  1  0.4320 

1 

.1920 

4.14    . 

.0700 

.0100  ; 

7.28 

6.28 

.0800 

.0360  ; 

Av.. 

i 

0.6225 

0.3318 

1 

.2907 

a.02  ,1 

tl 

.0229 

.0055    1 

3.04 

2.48 

.1662 

.0405  , 

I 

8.1 

Odor,  offensive. The  sewage  was  collected  as  it  flowed  upon  the  beds. 


No.  34.]        SEWAGE  DISPOSAL  OF  TOWNS. 


589 


Chemical  Examination  of  Effluent  Jrom  the  Main  Underdrain  of  the  Gardner 

Filter  Beds. 

[Parte  per  100,000.] 


Date  of 

Collection. 

Appkaianos. 

Odos. 

• 

1 

a 

Turbldtty. 

Sediment. 

6 

Cold. 

Hot. 

16803 

ifton 

10065 

10164 
10S42 
10324 
10422 
10002 
10700 
17003 

17102 

17412 
17046 

17851 
18083 
18186 

189«. 

Jan.    15 

Jan.   20 

Feb.   12 

Feb.  20 
Mar.  11 
Mar.  25 

Apr.  15 
May   18 
June  10 
July   15 

Aug.  12 

Sept.    0 
Oct.    14 

Noy.  11 
Dec.     9 
Dec.  28 

Decided, 

milky. 
Distinct, 

milky. 
Distinct, 

milky. 
1  Decided. 
Decided. 
Decided. 
Decided. 
Distinct. 
Distinct. 
Decided. 

milky. 
Decided. 

milky. 
Distinct. 
Sl't,  mUky. 

Distinct. 
Distinct, 
srt,  milky. 

SUght. 

Slight. 

Slight. 

Slight. 

Slight. 

Slight. 

Cons. 

Cons.,  rusty. 

Slight. 

srt,  rusty. 

Cons., rusty. 

Cods. 

SUght. . 

• 

Cons. 

Slight. 

Slight. 

.80 

.80 

.40 

.60 
.60 
.40 
.30 
.70 
.40 
.30 

.56 

.27 
.08 

.17 
.18 
.10 

.34 

i 

1 

Offenslye. 

Distinctly  musty   and 

disagreeable. 
Offensive. 

Distinctly  disagreeable. 
Offensive. 
Offensive. 
Offensive. 
Offensive. 

Decidedly  disagreeable. 
i  Decidedly  disagreeable. 

Offensive. 

Offensive. 

Faintly  musty  and  un- 
pleasant. 
Distinctly  disagreeable. 
Decidedly  musty. 
Distinctly  musty. 

Offensive. 

Decidedly  musty  and 

disagreeable. 
Decidedly  musty  and 

disagreeable. 
Offensive. 
Offensive. 
Offensive. 
Offensive. 
Offensive. 

Decidedly  disagreeable. 
Decidedly  musty  and 

disagreeable. 
Offensive. 

Offensive. 

Decidedly  musty  and 

unpleasant. 
Decidedly  disagreeable. 
Decidedly  musty. 
Decidedly  musty.          1 

17.40 

17.90 

18.70 

15.60 
12.70 
18.80 
15.00 
90.50 
,18.80 
90.00 

118.70 

A.IO 
:16.80 

116.40 
14.10 
17.00 

Ay ! 

1 

17.50 

1 



i 

Chemical  Examination  oj  Effluent  from  the  Main  Underdrain  of  the  Gardner 

Filter  Beds  —  Concluded. 

[Parte  per  100,000.] 


AmioxiA. 

e 

s 

NiTROOKM  AS 

i 

a 

a 
• 

1^ 

i 

a 

1 

* 

o 
1  o 

• 

• 

• 

s 

a 

3 

1 

11 

< 

O 

s 

1 

1 

• 

e 
8 

16803 

0.8320 

.0020 

3.02 

.3350             .1000 

.75 

3.6 

.0480 

16077 

1.8440 

.1160 

1        3.07 

.4000      1       .1000 

.10 

4.4 

.0400 

10066 

1.1000 

.1120 

2.63 

1         .1800      !       .0100 

.80 

2.0 

.0080 

10154 

1.6000 

.1200 

2.04 

.1000             .0000 

.06 

2.5 

.1460 

10242 

1.6000 

.0740 

2.78 

'         .1200      !       .0130 

.80 

2.3 

.1400 

10824 

0.5200 

.0040 

3.01 

.0000 

.0000 

.71 

4.3 

.1250 

10422 

1.1840      '         .0640 

2.62 

.8000 

.0250 

.71 

4.0 

.1650 

10002 

1.0400 

.0900       1 

3.24 

1         .5300 

.0100 

.67 

4.4 

.4800 

10700 

0.6720 

.0760       1 

2.52 

.5100 

.0040 

.49 

6.3 

.2050 

17003 

0.3380 

.0300 

8.00 

.0000 

.0040 

.51 

4.8 

.1200 

17102 

0.4060 

.0000       , 

2.60 

.4500 

.0100 

.73 

3.2 

.3800 

17412 

0.3600 

.0560       1 

2.74 

.5500 

.0040 

'         .47 

6.0 

.4250 

17045 

0.2100      1         .0160 

2.44 

.5500 

.0050 

,         .28 

4.3 

.0500 

17851 

0.3840               .0340 

2.80 

.5250 

.0200 

.10 

3.6        , 

.1100 

18033 

0.4800      ;         .3440 

2.50 

.4000 

.0160 

.38 

3.2        1 

.0080 

18185 

0.0280       j 

.0360 

4.23 

.5250 

.0080 

.48 

4.7 

.0680 

Av..| 

0.7435 

.0767       ' 

2.84 

.4520 

.0186 

.54 

1 

4.0        , 

.1026 

The  samples  were  collected  from  the  main  underdrain  at  the  point  where  it  discharges  into  the  brook. 
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Chemieat  Examination  of  Water  from  Pfmd  Broofc  otove  (Ae  OordMer  .Ktter  B«i». 

[Part*  p«r  1M,0M.] 
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ITMI    July  II 
ITIM    Au(.i: 


SU«bI, 

rnilr. 
SUsbl. 

Bllgbl. 


■U    3I.U 

.«     14.70 


•clAd  from  Um  bnwfc  bi 


Sewage  Disposal  at  Leicester. 

Works  for  disposing  of  the  sewage  of  the  central  village  of  tlie 
town  of  Leicester  were  constructed  in  1896  but  were  only  partial); 
completed  at  the  end  of  the  year.  They  will  be  described  io  a  sab- 
sequent  report. 

Sewage  Disposal  at  Marlborough. 

Additions  have  been  made  during  1896  to  the  works  for  purifyiug 
the  sewage  of  Marlborough,  and  the  total  area  of  filter  beda  and 
sludge  beds  in  use  at  the  end  of  the  year,  including  the  beds  con- 
structed during  the  year,  was  14.6  acres. 
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Chemical  Examination  of  Sewage  from  Marlborough. 

[Parte  per  100,000.] 


Si 


a 
o 

O 


16800 
1M82 
lOOM 
16168 

10247 
16332 
16481 

10580 
16776 
10906 

17201 
17428 
17062 
17864 
18060 
18190 


At. 


1996. 

Jan.  16 
Jan.  20 
Fab.  12 
Feb.  20 

Mar.  11 
Mar.  25 

April  16 

May  12 
Juoe  11 
Jnly  14 

Aug.  14 
Sept.  9 
Oct.  16 
Nov.  11 
Dec.  10 
Dee.  23 


Appbaravos. 


Torblditj. 


Sediment. 


Thlok,  mUky. 
Distinct. 
Decided,  white. 
Decided,  milky 

and  floo. 
Decided. 
Decided. 
Decided,  milky 

and  floo. 
Distinct,  floe. 
Thlok. 
Thick. 

Decided. 

Thick. 

Decided. 

Decided. 

Thick. 

Thick,  milky. 


Heavy,  grayish. 

Cons. 

Cons.,  whitish. 

Oons. 

Cons.,  whitish. 
Cons. 
Cons.,  gray. 

Cons. 

Very  heavy. 
Heavy,  light 

colored. 
Cons. 

Heavy,  dark. 
Heavy,  dark. 
Heavy. 
Heavy. 
Heavy,  light 

colored. 


RaSIDUB  OV  SVAPOBAnOV. 


TOTAL  BB8IDDR. 


& 
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48.00 

84.40 

24.00 

28.40 

31.20 

28.20 

34.00 

24.40 

20.20 

20.40 

S8.00 

22.80 

33.00 

23.00 

28.00 

10.80 

109.00 

42.40 

68.20 

86.40 

20.00 

17.20 

00.80 

48.20 

38.80 

20.00 

41.20 

82.40 

32.20 

24.00 

48.00 

86.20 

43.41 

28.48 
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0.20 
1.20 
8.00 
9.00 

6.80 

6.80 

10.00 

0.80 
07.20 
22.80 

8.40 

17.00 

12.20 

8.80 

7.00 

13.40 


14.98 


LOSS  ov  xanxiov. 


22.00 
11.40 
14.10 
16.00 

12.20 
12.00 
14.00 

9.40 
07.40 
82.20 

6.20 
81.00 
16.40 
17.20 
•11.00 
24.80 


21.19 


15 


18.80 

11.00 

0.20 

0.20 

9.40 
7.40 
0.00 

3.00 
16.00 
14.00 

8.80 
10.40 

7.00 
10.80 

7.40 
13.00 


0.01 


I 

s 

00 


I 


8.80 
0.40 
7.90 
9.40 

2.80 
6.20 
7.40 

6.80 
61.80 
18.20 

1.40 
14.00 
8.40 
0.40 
4.20 
11.20 


11.68 


Chemical  Examination  of  Sewage  from  Marlborough — Concluded. 

[Parte  per  100,000.] 
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16800 

3.9680 

.7120 

.8960 

.3160 

6.02 

.0000 

.0000 

4.60 

3.80 

.2100 

.1300 

15082 

0.2480  ' 

.0520 

.0860 

.0160 

2.88 

.3750 

.0280 

2.66 

0.78 

.0600 

.0300 

10066 

1.3200 

.2740 

.1160 

.1580 

3.80 

.0000 

.0027 

2.43 

0.68 

.0600 

.0800 

10158  1 

1.6000  , 

.4100 

.1700 

.2400 

4.33 

.0000 

.0000 

3.08 

1.89 

.0700 

.0800 

10247  < 

1.9200 

.3240 

.1120 

.2120 

3.00 

.0430 

.1850 

2.68 

1.78 

.1040 

.0200 

10332 

1.2000 

.3900 

.1380 

.2520  • 

4.17 

.0060 

.0000 

2.48 

1.68 

.0700 

.0400 

16431  1 

1.6000 

.3080 

.1380 

.1700 

4.38 

.0060 

.0010 

2.73 

0.92 

.0800 

.0440 

165S9  1 

0.4800 

.1480 

.0560 

.0920 

3.00 

.0000 

.0900 

1.72 

0.07 

.0720 

.0000 

10775 

5.7600 

.7320 

.3480 

.3840  , 

7.60 

.0030 

.0000 

7.06 

4.08 

.2000 

.0220 

16995 

2.7200  , 

.7320 

.3180 

.4140  ! 

7.20 

.0000 

.0000 

5.70 

3.60 

.1900 

.1100 

17201 

0.4240 

.1500 

.0580 

.0920  t 

3.20 

.1000 

.0170 

1.41 

0.90 

.0000 

.0380 

17423 

2.8S0O  ' 

.6240 

.2880 

.3360 

7.18 

.0000 

.0000 

7.67 

3.22 

.1900 

.0900 

17652 

1.5040  1 

.3540 

.1160 

.2380 

4.72 

.1100 

.0800 

2.61 

1.42 

.1440 

.0440 

17854  ; 

2.0800  ' 

.4720 

.2960 

.1760 

5.80 

.0050 

.0000  ; 

3.92 

2.50 

.1060 

.0660 

18056  ! 

2.«000  ' 

.4660 

.1600 

.3060 

4. GO 

.0800 

.0200  ' 

5.50 

1.99 

.1100 

.0200 

18190  ' 

2.6400 
2.1090 

.6<j60 
.4281 

• 

.3820 
.1978 

.2240  ; 
.2303  ' 

5.96 
6.05 

.0030 

.0200  , 

8.00 
4.03 

6.40 

.1640 

1 

.0800  : 

7.8 

Av.. 

.0447 

.0263  ; 

1 

2.23 

.1231 

.0600 

0.9 

Odor,  offensive. The  samples  were  collected  from  the  separating  tanks,  and  represent  the 

sewage  after  a  portion  of  the  suspended  matter  has  been  separated  from  it. 
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Chemical  Examvtalion  of  Effluent  from  the  CruUrdraint  t 
FiUer  Bed: 

(Puts  par  100^000.] 


the  JUarlbonm^ 
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1                 ^^^ 
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S 
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2» 
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M 
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W 
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M 
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Uar.  11 
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DkUmt.           Sll(hl.niny. 

90 

OwklSlTmii^y  ud 
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Olalnw.          Ooni. 

DIallDcl.          Sllihl. 

IS 

13 

April  16 

eilgbl.  milky    Bllcht, 

FlDitymony. 

D«ldad1y  mtmy. 

11 

iMn 
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aiighl!    "■  siiihi!'  '"'' 

mUk^. 

18 

DtatlneUy  maaly. 

Drddadly   muly  ani 

14 

iwn 

ll.y    It 

X 

Dnldad  1y  dluBcimbla 

milkT- 

11 

lusi 

M.,    It 

„^.        ■">"■ 

la 

ia 

1871* 

Jana  11 

Dacldad            n*a<y. 

10 

IT 

ISHT 

Jdh  11 

■""'"IC '"■"■"^' 

1! 

Oaaldcilly  lUaatrwiblc 

U 

i«we 

Jolj  1* 

»...»„,    ,.,„,„„. 

M 

u 

ig»R7 

J»ly  14 

-'■"■S,.,.  •"-"•"■"■ 

<n 

30 

Air.  14 

DMiilid.          Cam. 

OSanalTc. 

9 

ITKO 

Aug.  14 

Da«1d«l.          H«Ty. 
DIHlno"*'''    OoD...™SJ: 

12 

n 
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a«. 

dlH(n»bl(. 

3S 

it™  e.pi.  « 

DliUBCt.          Com,  toiiy. 

t.B 

J>*c1d«llT   muMy  asd 

14 

ITdM  j  Ool.    15 
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DIaUDBIly    miin;  ud 

« 

II«U  1  Oct.    1» 

13 

Dlitlnctly   DUity  uk) 

milky.. 

H 

H»M     Not.  U 

Dl-llnd.         1  Cooa. 

ST 

Dfttdodly  muity  and 

n 

ITUS     Not.  11 

DlillncL.          Cooa. 

43 

THM^  »i>*ly  and 

ss 

IWH  1  D«.   10 

DMidad.          aii(bl. 

DInlDTlly  many. 

* 

1M68     Dk.  10 

Bllilil.              ailgbt. 

!  IHUIoclly  moaldy. 
OT  1  F.liitly  moaly. 

D«1d*dly  niuuy  and 
Decidedly  niiMy. 

30 

1911.1    i>«.  a 

D1.Ud«.         IVaryallgbt. 

milky. 

IBIBt  '  Dm.   23 

Vary  •llfhl.     Vary  allEhl. 

<M  ;  Dlitloellj  mouldy. 

DUUDMly    mnaly   and 

■2 

At. 

' _.. 

11 

; 
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Chemical  Examination  of  Effluent  from  the  Underdrains  of  the  Marlborough 

Filter  5cd«— Concluded. 

[Parte  por  100.000.] 


Raaldue  on          1 
Evaporation.  1 

AVMOXIA. 

• 

1 

NiTioasH  AB 

1^ 

o 

1 

• 

i 

^4 

1 

• 

il 

< 

• 

s 

22.10 

0.4880 

.0210 

8.08 

0.4700 

.0030 

0.22 

7.6 

.0660 

1 

28.20 

0.8160 

.0820 

4.84 

0.8700 

.0100 

0.58 

6.0 

.0600 

3 

28.&0 
22.00 

0.8600 
0.5120 

.0900 
.0230 

4.05 
3.40 

0.7000 
0.7400 

.0080 
.0004 

0.23 
0.30 

7.1 
7.8 

.0070 
.0800 

S 
4 

21.40 
22.40 
24.60 

0.5000 
0.4800 
0.5600 

.0230 
.0260 
.0140 

8.42 
8.74 
4.12 

0.6500 
0.4200 
0.8200 

.0005 
.0080 
.0020 

0.28 
0.25 
0.18 

6.7 
6.0 
6.0 

.0070 
.0090 
.0820 

6 
6 
7 

21.00 

0.4880 

.0200 

3.60 

0.6000 

.0040 

0.81 

6.4 

.1260 

8 

21.40 

0.5600 

.0140 

8.64 

0.7000 

.0010 

0.25 

6.7 

.1180 

9 

19.70 
18.20 
26.10 

0.4880 
0.5860 
0.4200 

.0260 
.0200 
.0180 

3.60 
8.80 
3.44 

0.4800 
0.8700 
1.0500 

.0060 
.0000 
.0100 

0.26 
0.28 
0.27 

7.8 
6.8 

7.7 

.1400 
.0850 
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10 
11 
12 

26.80 

0.4880 

.0280 

4.01 

1.1500 

.0110 

0.29 

8.4 

.0620 

IS 

80.00 

0.4160 

.oA 

5.56 

0.7000 

.0020 

0.88 

7.4 

.0800 

14 

27.80 

0.3600 

.0400 
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.0050 

0.37 
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16 

82.70 

1.0080 
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6.40 

0.0500 

.0070 
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9.7 

.2420 

16 
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6.50 

0.9000 

.0260 

0.48 

9.0 
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17 

82.40 

0.6260 

.0640 

6.80 

0.9000 

.0070 
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8.6 
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18 

35.70 

0.7240 
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7.80 
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19 
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21 
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22 
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0.7860 
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28 
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24 
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25 
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0.44 
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26 
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0.4448 
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27 
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0.28 
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28 
29 
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0.2280 
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30 

22.70 

• 

0.4800 

.0268 
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1 

.0100 
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27.06 
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.0416 
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0.6885 
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Chemical  Examination  of  Water  from  the  Brook  into  which  the  Effluent  from  the 

Marlborough  Sewage  Filler  Beds  is  discharged, 

[ParU  per  100,000.] 


Data  of 

Collection. 

Appkaiawck. 

Odob. 

RSSIDUS  0« 

Etatosatios. 

Turbidity. 

Redhnent. 

,           Cold. 

Hot. 

H 

• 

16008 
17204 
17420 

IftM..    ' 

July  14 

Aug.  14 
Sept.    0 

Distinct. 

Slight. 

Blight. 

Cons., 

dark  brown. 
Cons.,  dark. 

,  Blight. 

.20 
.20  ■ 
.11 

Distinctly 

musty. 
Distinctly 

musty. 
:  Distinctly 
[               musty. 

DistiQctly 

musty. 
Decidedly 

muaty. ' 
DUUnctly 

musty. 

28.40 
28.45 
27.7« 

6.70 
4.55 

7.M 

Av. . -  -- 

•"; 

1 

25.87 

1 

6  25 

, 

1 

1 

; 

Chemical  Examination  of  Water  fro^ji  the  Brook  into  which  the  Effluent  frofn  the 
Marlborough  Seivage  Filler  Beds  is  discharged  —  Concluded. 

[Parts  per  100,000.] 


/\ftM*f 

niAm 

Free. 

ALBllflXniD 

• 

1 

a 

• 

1 

m 

• 

d 

16098 

.4060 

.0420 

.0260 

.0160 

17204 

.5200 

.0460 
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.0200 

17426 

.3840 

.0300 

.0800 
.0273 
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At.. 

.4667 

.0303 

.0120 

6.60 
5.82 
5.24 


5.55 


1 

NlTROOKK 

■ 

AS 

i  ' 

B 

3 

1 

B 

• 

• 
«                 1 

1 

5 

• 

Chlorln 

Nitrate 

Nitrltei 

e 

Ilardnc 

.6000 
.4750 
.5250 


.5333 


.0190 
.0225  ■ 
.0175 


.86 
.40 
.22 


6.6 
5.6 
5.0 


6.0 


The  samples  were  collected  from  the  brook  at  the  road  crossing  below  the  filter  beds  and  below 
where  the  effluent  from  the  filter  beds  enters  the  stream. 
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Sewage  Disposal  at  Medfield. 

Chemical  Examination  of  Sewage  from  Medfield, 

[ParU  per  100,000.] 


• 

1 
1 

1 

AFPaAmAXCB. 

Rbsiduk  on  Evafobatiov. 

Torbldlty. 

Sediment. 

TOTAL  mitSIDDB. 

loss  on  ionition. 

• 

• 
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t 

• 

i: 

Q 

00 
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15.80 
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105.00 

in  .40 

18.20 

84.80 

70.00 

14.80 

1M03 

May    18 
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Heavy,  dark. 

46.80 

85.00 

11.10 

26.00 

16.60 

9.40 

17000 

July   15 

Dark. 
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43.40 

85.60 

7.80 

16.20 

0.00 

6.20 

17463 

Sept.  12 

Thick. 
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10.20 

2t.00 
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17842 
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66.00 

0.80 

1    48.80 

40.60 

8.20 

At 

80.17 

68.00 

12.17 

40.20 

1 

30.27 

9.08 

Chemical  Examinalion  of  Sewage  from  Medfield — Conoluded. 

[Parts  per  100,000.] 
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- 

- 
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13.9 
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1 

6.01 
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.1300 
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17006 
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0.2260 
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2.86 
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.0600 

4.2 

17453 
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0.2820 

0.1440 

.1380 

3.60*' 

.0040 

.0000  ; 

5.38 

3.70 

.1240 

.0610  1 

6.6 

17U2 

1.4400 

1.0920 

0.9080 

.1240 

4.04 

.0070 
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.0000 

10.69 

8.49  , 

.1100 

.0900 

1 
3.9 

1 

Av.. 

1.0533 

1.2833 

0.9930 

.2903 

7.13 

i 

1 
.0000 

16.73 

11.08 

.1213 

.0823 

6.8 

Odor,  offensive. The  samples  were  collected  as  the  sewage  flowed  upon  the  filter  beds. 
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Chemical  ExatnincUian  of  Water  from  a  Spring  below  the  FiUraUon  Area  of  the 

MedfUld  Sewerage  System, 

[ParU  per  100,000.] 


1 

ArraAiAVOS. 

Odor. 

• 

1 

j; 

Turtldlty. 

Sediment. 

i 

Cold. 

Hot 

& 

1 

r 

16805 

Jan.    16 

V.  slight. 

V.  slight. 

.06 
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Falntiy  earthy. 

6.50 

1086 

Mar.    11 
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V.  slight. 

.04 

.  None. 

Faintly  earthy. 

5.90 
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May     18 
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.30 

Faintly  musty. 

Distinctly  masty. 

4.48 

1T007 
17464 
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July    16; 

Sept.  12 

1 

Nov.    11 

Dlatloet. 
Distinct. 
Distinct. 

Cons., 

rusty. 
Cons., 

rusty. 
Cons. 

.00  1 

.90 

.18 

.26  , 

'  Distinctly  mouldy. 
Distinctly  musty. 
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10.80 
16.10 
18.80 

Av. . 

8.T1 

Chemical  Examination  of  Water  from  a  Spring  below  the  Filtration  Area  of  the 

Medfield  Sewerage  System — Concluded. 

[ParU  per  100,000.] 


AwcoinA. 

Chlorine. 

XmoaiM  AS 

a 
|l 

1 

i 
§ 

1 

< 

• 

S 

1 

• 

1 

1 

16806 

.0082 

.0060 

0.63 

.1100 

.0006 

.11 

1.7 

.0060 

18886 

.0008 

.0064 

0.66 

.1700 

.0000 

.11 

9.0 

.0090 

18004 

.0000 

.0068 

0.46 

.0160 

.0000 

.10 

.0998 

17007 

.0018 

.0286 

0.66 

1 

.0600 

.0001 

.88 

.1060 

17454 

.0088 

.0162 

1.18 

.0680 

.0040 

.67 

.0788 

17848 

.0082 

.0216 

0.81 

.1200 

.0000 

.68 

.0558 

At.. 

.0030 

.0144 

0.68 

.0872 

.0008 

.41 

.0450 

The  samplee  were  collected  from  the  spring  which  is  located  north  of  the  filter  beds  and  a  little  orar 
980  feet  from  the  edge  of  the  nearest  bed.  The  ground  where  the  filter  beds  are  located  slopes  la  the 
direction  of  this  spring. 
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Sewage  Disposal  at  Natiok. 

Population  in  1895,  8,814.  A  system  of  sewerage  and  ot  sewage 
disposal  was  put  in  operation  in  the  latter  part  of  1896  for  collecting 
and  disposing  of  the  sewage  of  the  town  of  Natick. 

The  sewage  is  collected  on  the  westerly  side  ot  the  thickly  settled 
portion  of  the  town  and  conveyed  to  a  pumping  station  near  the 
south-westerly  end  of  Lake  Cochituate,  from  which  it  is  pumped  to 
a  sewage-disposal  area  located  near  the  Worcester  turnpike  and  on 
the  opposite  side  from  the  area  used  by  the  town  of  Framingham. 
The  filtration  area  contains  nearly  100  acres,  three-quarters  of  which 
can  apparently  be  utilized  for  filtration  purposes.  About  three  acres 
of  filter  beds  were  prepared  for  use  in  the  beginning  with  under- 
drains  discharging  into  Bannister  Brook,  just  above  the  Framingham 
filtration  area. 

A  further  description  of  these  works,  together  with  analyses  of  the 
sewage  and  effluent,  will  be  given  in  a  subsequent  report. 
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FOOD  AND  DRUG  INSPECTION. 


The  operations  of  the  Board  under  the  provisions  of  the  fo6d  and 
drug  acts  for  the  year  ending  Sept.  30, 1896,  are  detailed  in  the  fol- 
lowing report. 

The  following  persons  comprised  the  force  employed  by  the  Board 
during  the  year  :  — 

Dr.  Charles  P.  Worcester, Analyst, 

Prof.  CuARLES  A.  GOESSMANN, Analyst, 

Mr.  Albert  E.  Leach, Assistant  Analyst. 

John  H.  Terry, Inspector. 

John  F.  McCaffrey,' Inspector. 

Horace  F.  Davis, Inspector, 

Thomas  O.  Allen, Inspector. 

The  whole  number  of  samples  of  food  and  drugs  (including  milk) 
examined  during  the  year  was  8,357,  or  1,048  more  than  the  number 
examined  in  the  year  ending  Sept.  30,  1895,  and  2,453  more  than 
the  average  annual  number  examined  in  the  ten  years  from  Sept. 
30,  1885,  to  Sept.  30,  1895. 

The  whole  number  examined  since  the  beginning  of  operations  in 
this  department  in  1883  was  76,113. 

The  following  summary  embraces  the  work  done  during  the 
year : — 

Number  of  samples  of  milk  examined, 4,484 

Number  of  samples  above  standard, 2,904 

Number  of  samples  below  standard, 1,580 

Percentage  of  adulteration  or  deficiency, 85.2 

Number  of  samples  of  other  kinds  of  food  (not  milk),  .        .        .  8,368 

Number  of  samples  above  standard, 2,978 

Number  of  samples  below  standard, 890 

Percentage  of  adulteration, 11.6 

Number  of  samples  of  drugs  examined, 505 

Number  of  samples  of  good  quality, 251 

Number  of  samples  adulterated,  as  defined  by  the  statutes,  .        .  254 

Percentage  of  adulteration, 50.8 

Total  number  of  samples  of  food  and  drugs  examined,          .        .  8,357 

Total  number  found  to  be  of  good  quality, 6,183 

Total  number  not  conforming  to  the  statutes,         ....  2,224 

Percentage  of  adulteration, 26.6 


602  STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 

Attention  has  already  been  called,  in  previous  reports,  to  the  fret 
that  the  percentages  given  in  the  foregoing  summary  do  not  repre- 
sent, in  any  degree,  the  actual  ratio  of  adulteration  existing  in  food 
products  and  in  drugs,  for  several  reasons :  chiefly  on  account  of 
the  fact  that  the  experience  of  the  Board  enables  it,  first,  to  exercise 
a  careful  selection  of  such  articles,  mainly,  as  are  liable  to  adultera- 
tion ;  secondly,  to  obtain  such  aiticles  in  those  seasons  of  the  year 
when  their  adulteration  is  most  common  ;  and  third,  to  pay  special 
attention  to  new  forms  of  adulteration  which  are  constantly  appear- 
ing as  fast  as  the  fraud  and  ingenuity  of  the  professional  adalterator 
present  them  to  the  public. 

Legislation  also  has  a  marked  effect  upon  the  figures  which  repre- 
sent the  conditions  of  the  food  supply  as  found  upon  analysiu.  For 
example,  a  standard  of  milk  was  established  by  a  statute  of  1880» 
requiring  that  milk  should  be  deemed  to  be  not  of  good  standard 
quality  if  not  possessing  13  per  cent,  of  total  solids ;  but  this  law 
was  amended  in  1886  by  a  provision  that  the  standard  of  quality 
during  two  months  of  the  year  (May  and  June)  might  be  12  per 
cent,  of  solids.  In  1896  the  law  was  further  amended  by  providing 
that  the  number  of  months  in  which  the  standard  should  be  12  per 
cent,  should  be  increased  to  five  (April,  May,  June,  July  and  Au- 
gust). Now,  since  the  number  of  samples  of  milk  ranging  from  12 
to  13  per  cent,  of  solids  invariably  constitutes  a  large  percentage  of 
the  whole  number  collected,  the  percentage  of  samples  found  to  be 
below  the  legal  standard  would  necessarily  be  materially  diminished 
by  such  legisilation,  while  the  actual  quality,  as  determined  by  analy- 
sis, might  not  be  changed.  This  statement  is  corroborated  by  that 
of  the  principal  analyst,  to  be  found  on  a  later  page.  During  the 
years  1893,  1894  and  1895  the  usual  collections  of  milk  submitted  to 
examination  showed  a  ratio  of  about  49  per  cent,  below  the  legal 
standard,  while  those  of  the  past  year,  under  the  amended  statute, 
gave  only  35.2  per  cent.  l>clow  the  standard. 

The  following  tables  present  a  summary  of  the  work  done  during 
the  entire  period  from  the  beginning  of  operations  under  the  food 
and  drug  acts  in  1883  to  the  close  of  the  year  ending  Sept.  30, 
1896:  — 
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From  the  foregoiDg  tables  it  appears  that  76,113  samples  of  food 
and  drugs  have  been  collected  by  the  inspectors  of  the  Board  and 
submitted  to  the  analysts  for  examination  during  the  fourteen  years 
in  which  the  statutes  providing  for  this  work  have  been  in  opera- 
tion. The  total  cost  of  the  work  has  been  $127,448.24.  Enough 
has  already  been  said  in  previous  reports  to  show  that  many  times 
this  sum  have  undoubtedly  been  saved  to  the  consumers  throughout 
the  State. 

The  cost  of  collection  and  analysis  per  sample  has  also  been  re- 
duced nearly  one-half.  This  expense  in  1883  amounted  to  $2.26 
per  sample,  but  this  amount  has  been  reduced  to  $1.23  in  1896,  a 
sum  much  less  than  that  of  any  preceding  year.  Part  of  this  saving 
is  due  to  the  concentration  of  the  greater  part  of  the  work  of  analy- 
sis under  one  head  at  the  State  House  laboratory. 

By  a  requirement  of  the  statute  the  greater  part  of  the  appropri- 
ation for  the  work  of  this  department  is  expended  in  the  inspection 
of  milk  and  milk  products  and  the  enforcement  of  the  laws  relating 
to  these  valuable  articles  of  food.  Hence  the  greater  portion  of  the 
samples  collected  are  of  this  character. 

In  the  last  annual  report  the  results  of  a  single  street  collection 
of  milk  taken  from  milk  wagons  in  one  city  were  published,  the 
average  solids  of  20  samples  being  12.98. 

Attention  is  called  to  the  statement  of  the  analyst  relative  to  the 
change  of  standard  and  its  effect  upon  the  ratio  of  apparent  adul- 
teration, and  the  method  of  detection  of  formalin.  A  further  table 
of  analyses  of  condensed  milk  is  also  presented,  in  addition  to  those 
which  were  published  last  year.  Analyses  of  eight  samples  of 
evaporated  cream,  of  six  different  brands,  are  also  presented,  in 
which  it  is  shown,  as  well  as  in  the  case  of  some  of  the  brands  of 
condensed  milk,  that  the  cream  has  been  largely  removed,  thus  de- 
priving them  of  an  important  ingredient  of  high  value  as  a  nutrient. 

The  following  table  presents  the  results  of  analysis  of  the  milk  of 
20  animals,  all  of  which  were  of  one  herd  of  Holstein  cows,  which 
had  the  reputation  of  being  an  unusually  good  herd  of  cattle :  — 
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Time 

1 

1 

RUCLTa  OP  AVALTtlt. 

AOB  or  Cow. 

since 
CmlTlng. 

Bre«L 

1 

Grant  J.       '■*• 

Sogmr. 

Alba- 
mlnolda. 

Ath. 

Total 
Solids. 

Wattr. 

Tean. 

Months. 

;i      i 

8J,         . 

6 

Holstein,     1.028  i  3.40 

4.50 

3.27 

0.65 

11.22 

88.78 

6J.         . 

7 

1.029  '  3.80 

4.10 

3.63 

0.50 

12.08 

87.97 

6,  .        . 

3 

1.029     3.30 

1 

4.30  i 

1 

4.44 

0.64 

12.68 

87.82 

6A.       • 

4       ,     •    "          1 

1.030     3.20 

1 
4.00  . 

■ 

3.44 

0.51 

11.15 

88.85 

i\,         . 

4               "          '  1.028     6.20 

3.00 

4.87 

0.65 

14.83 

85.18 

6i,         . 

5               "          '  1.029     2.60 

1 

4.30 

3.02 

0.60 

10.62 

89.48 

H,       . 

3               •»          '  1.030  .  3.30 

4.40 

3.05 

0.68 

11.43 

88.57 

31.         . 

6               "             1.031     3.20 

4.50 

3.40 

0.62 

11.72 

88.28 

2i.         . 

1 

1.031     4.70 

4.30 

3.89 

0.66 

13.65 

86.45 

2t. 

2               "         !    1.031  .  3.40 

1                    i.              1 

;  4.40 

3.78 

0.67 

12.25 

87.75 

*h         • 

4               "             1.031     3.40 

;  4.60 

4.10 

0.62 

12.78 

87.22 

91.         . 

8               "             1.030     2.70 

1 

4.00 

3.42 

0.42 

10.64 

89.46 

6i.         . 

11                "             1.031     3.«0 

i 

4.00 

4.07 

0.50 

12.37 

87.63 

llj.         . 

2 

1.031     3.40 

4.10 

3.69 

0.58 

11.77 

88.23 

6J.         . 

1 

4 

1.031     3. CO 

'  4.00 

4.10 

0.56 

12.26 

87.74 

U,  .        . 

li 

1.02i>     2.70 

3.50 

3.46 

0.56 

10.22 

89.78 

3J.         . 

11               "         ' 

'                                                                 1 

1.033     3.80 

4.40 

3.92 

0.68 

12.80 

87.20 

6J.         . 

1 
1 

1.032     4.20 

4.30 

•  4.30 

;  0.02 

13.42 

86.58 

3^.       • 

4                "             1.030     3.00 

4.00 

3.73 

0.62 

11.35 

88.65 

3,',.       . 

0 

"         i 

1 

1.03:1     3.70 
1.030     3.57 

4.00 
4.13 

4.07 

0.70 
0.60 

12.47 

87.58 

Aveni 

'ge, 

.  1 

3.79 

12.07 

87.98 

For  further  analyses  of  railk  of  known  purity  see  page  628. 

The  principal  articles  of  food  found  to  be  adulterated  during  the 
year  were  olive  oil,  lard,  honey,  molasses,  maple  syrup  and  sugar, 
spices,  especially  cayenne,  vinegar,  coffee,  cocoa  and  ci'eam  of 
tartar. 
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Drugs. 

The  principal  drugs  found  adulterated  or  below  the  standard  were 
ether,  alcohol,  ammonia  water  and  chlorine  water,  distilled  water 
(in  this  article  the  solids  varied  from  0  to  73  per  100,000  parts), 
calx  chlorata,  extracts  of  liquorice  and  nux  vomica,  powdered  opium, 
compound  spirits  of  ether,  spirits  of  nitrous  ether,  whiskey,  tincture 
of  iodine,  syrup,  tincture  of  opium,  mercurial  ointment,  white 
and  red  wine. 

Notices. 

The  following  lists  present  the  names  of  the  cities  and  towns  to 
which  notices  were  issued  relating  to  the  adulteration  of  different 
kinds  of  food  and  drugs  :  — 

Cities  and  Towns  to  which  Notices  were  sent  on  Account  oj  Adulterated  Milk. 


Beverly,  . 
Boston : 

Allston, 

Charlestown, 

East  Boston, 

Roxbury, 
Brockton, 
Brookline, 
Cambridge, 
Canton,    . 
Chelsea,  . 
Dedham,  . 
Everett,   . 
Fall  River, 
Fitehburg, 
Gloucester, 
Hull, 

Lexington, 
Maiden,   . 
Marblehead, 
Marlborough, 
Medford, 
Melrose,  . 


2 
2 
3 
1 
3 
5 
13 

2    I 
15    ! 

2 

6 

6    ! 

3 

4 

1 

1 
10 

2 

3 
10 

3 


Milford, .1 

Natick, 1 

New  "Bedford,          ....  1 

Newbur}'port,          ....  1 

Newton, '    .  6 

Quincy, 1 

Revere, 4 

Rockland, 1 

Somerville, 14 

Springfield, 5 

Sterling, 1 

Stoneham, 1 

Stoughton, 3 

Waltham, 4 

Watertowu, 3 

Westford, 1 

Winchester, 2 

Winthrop, 1 

Wobum, 1 

Worcester, 4 

Total, 166 
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Cities  and  Towns  to  which  Notices  were  sent  on  Account  of  AduUeraUd  ArtkUs 

of  Food  other  than  Milk, 


Boston: 
AUston, 
Bostou, 
Charlestown, 
Dorchester,  . 
East  lk)ston, 
Mattapan,    . 
South  Boston, 
West  Roxbun*, 

Cambridge, 

Chelsea,  . 

Chicopee, 

Cottage  'City, 

ETerett,  . 

Fall  River, 

Gardner, . 

Gloucester, 

Haverhill, 

Holyoke, . 


2 
21 
2 
1 
1 
1 
1 
1 
5 
2 
2 
1 
I 
3 
1 
2 
1 
2 


Lowell,    • 

Maiden,  . 

Nantasket, 

Nantucket, 

New  Bedford, 

Pittsficld, 

I*rovincetown, 

Salem, 

Somerville, 

South  Framingham, 

Springfield,     . 

Waltham, 

Watertown,     . 

Webster, 

Westfield, 

Wobum, . 

Worcester, 


Total, 


95 


CUies  and  Towns  to  w?iich  Notices  were  sent  on  Account  of  Adulterated  Drugs. 


Boston : 
Allston, 
Boston, 
Brockton, 
Brookline, 
Cambrid<^e, 
Chelsea,  . 
Chicopee, 
Clinton,   . 
Greenfield, 


2 
7 
2 
1 
1 
1 
1 
2 
1 


Lowell,    , 

Nnntasket, 

New  Bedford, 

Nortlianipton, 

Somerville, 

Stouofhton, 

Tuunton, 

Worcester, 

Total, 


1 
1 
S 
2 
S 
1 
1 
2 

31 


Prosecutions. 

In  the  repoi'ts  of  the  last  four  years  a  coDdeDsed  summary  was 
presented,  showing  the  number  of  prosecutions  conducted  in  each 
year  since  the  beginning  of  work  under  the  food  and  drugs  acts. 
The  following  table  presents  the  same  6gures,  with  the  addition  of 
those  for  the  year  ending  Sept.  30,  1896  :  — 
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Number  of  Complaints  entered  in  Couri 

1 
>• 

« 

Food 

Ybar. 

(not  Inclnding 
Milk). 

Drags. 

Milk. 

TotaL 

Oonrlctlont. 

Fines 
Imposed. 

1883, 

6 

4 

9 

8 

1884, 

2 

1 

46 

48 

44 

— + 

1885,* 

60 

1 

68 

119 

103 

-J 

1886,t 

10 

— 

10 

20 

19 

—t 

1887, 

30 

« 

34 

64 

60 

-J 

1888, 

22 

— 

43 

66 

61 

•2,042  00 

1889, 

74 

. 

66 

140 

124 

3,889  00 

1890, 

78 

. 

24 

102 

96 

3,919  00 

1891, 

96 

6 

49 

160 

186 

2,668  00 

1892, 

62 

12 

72 

136 

123 

3,661  70 

1893, 

26 

3 

67 

96 

92 

2,476  00 

1894, 

14 

. 

76 

90 

77 

2,626  00 

1895, 

13 

11 

68 

92 

86 

2,896  30 

1896, 

7 

- 

68 

76 

74 

2,812  20 

Total 

s,      . 

• 

474 

38 

1 

694 

1,206 

1,102 

•26,988  20 

♦  To  May  1,  1886. 


t  Four  months  onlj. 


X  No  record  kept. 


Ratio  of  coDvictions  to  complaints,  91.4  per  cent. 

Note.  —  All  complaints  entered  before  May  1,  1886,  were  under  the  direction 
of  the  Board  of  Health,  Lunacy  and  Charity,  and  all  after  that  date  were  under 
the  direction  of  the  State  Board  of  Health. 


The  following  report  was  presented  to  the  Legislature  in  January, 
1897,  in  compliance  with  the  provisions  of  the  statutes  :  — 

Office  of  the  State  Board  of  Health, 

State  House,  Boston,  Jan.  1,  1897. 

To  the  Honorable  Senate  and  House  of  Representatives  of  the  CommonweaUh  of 

Massachusetts  in  General  Court  assembled. 

The  following  summary  is  made  in  compliance  with  the  provisions 
of  chapter  289,  section  2,  of  the  Acts  of  1884,  requiring  the  State 
Board  of  Health  to  '*  report  annually  to  the  Legislature  the  number 
of  prosecutions  made  under  chapter  263  of  the  Acts  of  1882,  and  an 
itemized  account  of  all  money  expended  in  carrying  out  the  provi- 
sions thereof." 

The  whole  number  of  prosecutions  made  by  authority  of  the  Board 
against  offenders,  under  the  provisions  of  the  food  and  drug  acts, 
for  the  year  ending  Sept.  30,  1896,  was  75. 
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The  cities  and  towns  in  which  the  articles  were  sold,  and  in 
respect  to  which  complaints  were  entered  in  court,  the  character  ol 
the  articles  found  to  be  adulterated,  or  fraudulently  sold,  the  datei 
of  the  trials,  and  their  results,  are  presented  in  the  following  table  :  — 


Placb. 

In  Chelsea,  . 
Chelsea, . 
Chelsea,  . 
Chelsea, . 
Somerville, 
Somerville, 
Somerville, 
Somerville, 
Salem,     . 
Salem,     . 
Salem,     . 
Fall  River, 
Fall  River, 
Worcester, 
Cambridge, 
Cambridge, 
Springfield, 
Fitch  burg, 
Woburn, . 
WobuiTi, . 
Newton, . 
Beverly, . 
Brook  line, 
Boylston, 
Boylston, 
We8ti)orough, 
\VestlM)rough, 
Westboroiigh, 
Northborough, 
Northborough, 
Athol,      . 
Royalston, 
Stoneham, 
Watertown, 
Watertown, 
Agawam, 
Reading, 
Reading, 
Reading, 
Reading, 


Milk  and  Milk  Products. 
For  Fraudulent  Sales  of  Milk. 

Datb. 

Nov.  29,  1895, 

May  22, 1896, 

July  9,  1896, 

Sept.  9, 1896, 

Dec.  8,  1895, 
Dee.   3, 1895, 

Sept.  18,  1896, 

Sept.  18,  1896, 

Aug.  11,  1896, 

Aug.  11,1896, 

Aug.  11,1896, 

Nov.  20, 1895, 

July  15,  1896, 

June  24,  1896, 
May  9,  1896, 
May   9,  1896, 

Dec.  26,  1895, 

Jan.  28,  1896, 

Dec.  26,  1895, 

Dec.  26,  1895, 

Nov.  14,  1895, 
Dec.    9,  1895, 

April  11,  1896, 
Oct.  1,  1895, 
Oct.    1, 1895, 

Oct.  25,  1895, 

Oct.  25,  1895, 

July  13,  1896, 

Oct!  25,  1895, 

July  13,  1896, 
Oct  7,  1895, 
Oct.    7,  1895, 

Oct.  20,  1895, 

Dec.  10,  1805, 

April  24,  1896, 

Dec.  26,  1895, 

March  31,  1896, 

March  31,  1896, 

Mai-ch  31,  1896, 

April  10,  1896, 


Rbstlt. 

Convicted. 


M 


M 


Discharge. 
CoDvicted. 


»c 


4C 

C4 

M 

4i 

CC 

44 

44 

44 

44 

44 

44 

44 

44 

14 

44 

44 

44 

(4 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 
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Placb. 

In  Reading, 
Reading, 
Peabody, 
Westfield, 
Milford,  . 
Arlington, 
Arlington, 
Natick,    , 
Wakefield, 
Tops  field, 
Topsfield, 
Stoughton, 
Sturbridge, 
Sudbury, 
Sudbury, 
Hardwiek, 
Hardwick, 
Marblehead, 
Marblehead, 
Marblehead, 
Marblehead, 
Walpole, 
Dover,     . 
Dover,     . 
Brook  field, 
Brookfield, 
Dracut,    . 
Tewksbury, 
Total, 


lent  Sales  of  Milk  — 

Concluded 

I. 

Datb.                                                    Rbbult. 

July     28, 1896,        .        .        .    Convicted 

July     28.  1896, 

44 

April    29,  1896, 

tc 

April    21,1896, 

44 

April    28,1896, 

44 

May        2,  1896, 

44 

May       2, 1896, 

44 

June     — ,  1896, 

44 

June     13, 1896, 

44 

Aug.     11,  1896, 

44 

Aug.     11, 1896, 

44 

Aug.     28, 1896, 

44 

Aug.     12,  1896, 

44 

Aug.     13,  1896, 

44 

Aug.     13, 1896, 

44 

Aug.     14,  1896, 

44 

Aug.     14,  1896, 

44 

Sept.      8, 1896, 

44 

Sept.       8,  1896, 

44 

Sept.      8, 1896, 

44 

Sept.      8, 1896, 

44 

Sept.     17, 1896, 

44 

Sept.     18,  1896, 

14 

Sept.     18,  1896, 

44 

Sept.     22, 1896, 

44 

Sept.     22,  1896, 

44 

Feb.      28, 1896, 

44 

March  24, 1896, 

44 

68 


For  Fraudulent  Sale  of  Otueb  Articles  of  Food. 

Maple  Sugar, 


In  Boston,    . 

April    23,1896, 

.    Convicted. 

Boston,    , 

April    30,1896, 

(4 

Salem,     . 

May        1,1896, 

44 

Roxbury, 

May      11,1896, 
Maple  Syrup. 

44 

In  Fitohburg, 

April    30,1896. 
Molasses. 

.    Convicted. 

In  North  Adams, 

Sept.     28, 1896, 
Cream  oj  Tartar. 

.    Convicted. 

In  North  Adams, 

Sept.     28,  1896, 

.    Convicted. 

Total,    . 

•        •         .        •        •        • 
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Summary. 

Complaints  entered  in  court  under  the  ucis  relating  to  the  inspection  of  milk 

and  milk  products, 68 

Other  articles  of  food, 7 

Total 75 

Summary. 

The  whole  number  of  complaiDts  entered  by  the  State  Board  of 
Health  during  the  year  ending  Sept.  30,  1896,  in  the  courts  of  the 
Commonwealth,  against  parties  for  violation  of  the  statutes  relating 
to  food  and  drug  inspection,  was  75. 

In  74,  or  98.7  per  cent.,  of  these  the  parties  were  convicted. 
One  was  discharged  in  the  municipal  court. 

Of  the  whole  number,  68  were  for  violation  of  the  laws  relating 
to  milk  adulteration,  and  of  this  number  67  resulted  in  conviction. 
The  greater  number  of  these  was  for  violation  of  the  statute  pro- 
viding that  milk  offered  for  sale  shall  be  of  good  standard  quality. 

In  10  of  the  foregoing  cases  the  complaints  were  for  sales  of 
milk  containing  coloring  matter. 

The  attention  of  the  Legislature  is  again  respectfully  called  to  the 
provisions  of  chapter  425  of  the  Acts  of  1894,  which  debars  any 
private  citizen  from  maintaining  an  action  against  a  producer  for 
selling  adulterated  milk. 

Attention  is  also  respectfully  called  to  the  provisions  of  section 
23  of  chapter  397  of  the  Acts  of  1896,  by  which  the  people  are 
now  deprived  of  any  legal  protection  against  the  harmful  action  of 
poisonous  patent  medicines. 

All  of  the  7  parties  against  whom  complaints  were  entered  for 
fraudulent  sales  of  other  kinds  of  food  were  convicted. 

The  articles  of  food  with  reference  to  which  these  complaints 
were  made  were  as  follows  :  — 

Maple  sugar,  4  cases;  maple  syrup,  1  case;  molasses,  1  case; 
cream  of  tartar,  1  case. 

The  following  statute,  as  amended  in  1896  (chapter  398),  pre- 
sents the  standard  of  milk  in  Massachusetts  at  the  date  of  publish- 
ing this  report :  — 

[Chaptbr  398,  Section  2,  Acts  of  1896.] 

In  all  prosecutions  under  this  chapter,  if  the  milk  is  shown  upon  analysis 
to  contain  less  than  thirteen  per  cent,  of  milk  solids,  or  to  contain  less 
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tbaD  nine  and  three-tenths  per  cent,  of  milk  solids,  exclusive  of  fat,  or  to 
contain  less  than  three  and  seven-tenths  per  cent,  of  fat,  it  shall  be  deemed, 
for  the  purposes  of  this  act,  to  be  not  of  good  standard  quality,  except 
during  the  months  of  April,  May,  June,  July  and  August,  when  milk  con- 
taining less  than  twelve  per  cent,  of  milk  solids,  or  less  than  nine  per  cent, 
of  milk  solids  exclusive  of  fat,  or  less  than  three  per  cent,  of  fat,  shall  be 
deemed  to  be  not  of  good  standard  quality. 

The  following  list  presents  the  total  solids  in  each  of  the  saniplos 
of  milk  upon  which  coniplaints  were  founded,  so  far  as  records  of 
the  same  were  kept :  — 


7.09 

10.00 

10.62 

11.04 

11.30 

7.13 

10.20 

10.66 

11.06 

11.30 

8.69 

10.20 

10.67 

11.10 

11.39 

8.76 

10.24 

10.62 

11.11 

11.42 

9.20 

10.24 

10.64 

11.14 

11.44 

9.26 

10.34 

10.66 

11.16 

11.60 

9.32 

10.38 

10.77 

11.18 

11.64 

9.71 

10.40 

10.79 

11.19 

11.76 

9.80 

10.42 

10.86 

11.26 

11.78 

9.81 

10.42 

10.90 

11.26 

12.60 

9.84 

10.43 

10.96 

11.28 

12.62 

9.92 

10.49 

The  total  number  of  samples  of  food  and  drugs  examined  during 
the  year  was  as  follows  :  — 

Milk 4,484 

Other  articles  of  food, 3,368 

Drugs, 486 

Total 8,338 

Total  expenses  of  collection,  examination  and  prosecution,      .        .       $10,921  61 
Arerage  expense  per  sample  collected, 1  31 

Fines. 

The  amount  of  fines  paid  into  the  treasuries  of  counties,  cities  and 
towns  under  the  provisions  of  the  general  and  special  laws  relative 
to  the  inspection  of  food  and  drugs  was  as  follows :  — 

Fines  paid  for  Violation  oj  the  Food  and  Drug  Acts,  upon  Cases  entered  for 

the  year  ending  Sept,  30,  189  6. 

Under  the  provisions  of  the  laws  relating  to  milk  and  milk  products,        |2,742  20 
Under  the  provisions  of  the  laws  relating  to  other  articles  of  food, .  70  00 

Total 12,812  20 
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Expenditures. 

Under  the  Provisions  of  the  Food  and  Drug  Acts  during  the  Year  ending  Sept. 

30, 1896, 


Salaries  of  analysts, 

Salaries  of  inspectors, 

Travel! in jif  expenses  and  purchase  of  samples, 
Apparatus  ana  chemicals,     .... 

Printing, 

Books, 

Index  cards  and  guides,        .... 

Express  charges, 

Extra  services, 

Sundry  small  supplies  (bottles,  etc.),  . 


Total, 


I  Fob  thb  ExroBCBM uit  or  the  SrATrni 

KELATOIO  TO  FoOD  AVD  DBU« 

I 

ImrBcnoH. 


BeUtlre  to  link 
and  Milk  Prodacta. 


ReUtlTc  to  Otker 
Klodt  of  Food 


$2,700  00 

2,600  00 

1,115  00 

160  78 

25  35 

37  77 

77  33 
16  03 


16,632  26 


•1300  00 

1,650  00 

786  64 

95  89 

17  50 

20  00 

80  00 

8  15 

38  67 

8  00 


84,289  85 
6,682  26 

•10,921  61 


Proprietary  Medicines. 

During  the  course  of  its  work  in  the  inspection  of  food  and  drugs, 
a  considerable  number  of  specimens  of  proprietary  medicines  has 
been  examined  by  the  analysts  of  the  Board,  and  the  results  of 
analysis  have  been  published  in  the  annual  reports.  These  pub- 
lished statements  are  scattered  through  different  reports  covering 
several  years,  and  some  of  them  are  out  of  print.  There  is  an  in- 
creasing demand  for  the  information  contained  in  them,  and  it  has 
been  thought  advisable  to  republish  the  results  in  a  condensed  form, 
in  answer  to  this  demand,  with  such  additions  as  have  been  made 
during  the  past  year. 

The  following  list  contains  a  condensed  statement  of  the  results 
of  analysis  of  most  of  the  proprietary  articles  alluded  to  above.  In 
very  many  instances  the  preparations  were  examined  for  the  pres- 
ence of  some  single  ingredient  only,  where  this  ingredient  was  found 
to  be  a  poisonous  substance,  injurious  to  the  health  of  persons 
using  it. 
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Cosmetics, 
The  following  contain  acetate  of  lead  (sugar  of  lead)  or  some 
active  lead  compound  :  —  Percent  of 


Ayer's  Hair  Vigor,  coDtained  the  equivalent  of  about 
•'  Renown  '•  Hair  Restorer,  contained  the  equivalent  of  about    . 
Mrs.  Allen's  Hair  Restorer,  contained  the  equivalent  of  about  . 
American  Hair  Restorative,  contained  the  equivalent  of  about . 
Barrett's  Vegetable  Hair  Restorative,  contained  the  equivalent  of  about 

Chevalier's  Life  for  the  Hair,  contained 

Hall's  Vegetable  Sicilian  Hair  Renewer,  contained  the  equivalent  of  about 

Wood's  Hair  Restorative,  contained  the  equivalent  of  about 

Ring's  Vegetable  Ambrosia,  contained  the  equivalent  of  about 

Parker's  Hair  Balsam,  contained  the  equivalent  of  about  . 

Wolffs  Vegetable  Hair  Restorer,  contained  the  equivalent  of  about . 


Lead 
OonUIned. 

0.30 
1.86 
2.30 
0.61 
0.22 
Much. 
1.76 
1.59 
1.51 
2.32 
0.96 


Instances  of  lead  poisoning  have  been  known  to  occur  from  the 
free  external  use  of  such  preparations  as  the  foregoing. 

The  following  contained  corrosive  sublimate,  or  some  other  poison- 
ous salt  of  mercury,  in  the  proportion  of  1  to  15  grains  per  ounce :  — 

Harriet  Hubbard  Ayer's  Recamier  Cream,  Balm  and  Lotion. 

Madame  Ruppert's  World  Renowned  Face  Bleach. 

Madame  Yale^s  Excelsior  Complexion  Bleach. 

Hill's  Freckle  Lotion. 

Soule's  Freckle  and  Moth  Eradicator. 

Perry's  Freckle  Lotion. 

Oriental  Cream. 

Mrs.  McCorrison's  Famous  Diamond  Face  Lotion  (U.7  grains  to  the  ounce). 

Royal  Cream. 

In  one  instance  a  six-ounce  bottle  contained  47  grains  of  corrosive  sub- 
limate. Another  contained  14  grains  of  the  bichloride  per  ounce.  It  is 
not  surprising  that  instances  of  serious  harm  were  reported  from  the  use  of 
such  articles. 

Tonics  and  Bitters. 

The  following  were  examined  for  the  purpose  of  ascertaining  the 
percentage  of  alcohol  in  each.  Some  of  them  have  been  recom- 
mended as  temperance  drinks  :  —  Ptrcentor 

Alcohol 
(b7  Volama).* 

"Best"  Tonic, 7.6 

Carter's  Physical  Extract, 22.0 

Hooker's  Wigwam  Tonic, 20.7 

Hoofland's  German  Tonic, 29.8 

*  In  this  list  the  percentages  of  alcohol  are  reckonod  by  volume;  in  more  recent  lists,  by  weight. 
Percentages  by  volume  may  be  converted  Into  percentages  by  weight  and  tlce  verta  by  means  of  the 
table  pabllsbed  in  the  U.  S.  Pharmaooposia  of  18M,  pages  ft31-ft87. 
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PerC«Dt.of 
Ony  Volume}.* 

Hop  Tonic, 7.0 

Howe's  Arabian  Tonic,  "  not  a  rum  drink,*^ 13.2 

Jackson's  Golden  Seal  Tonic, 19.6 

Liebig  Company's  Coca  Beef  Tonic, 23.8 

Mensinan's  Peptonized  Beef  Tonic, 16.6 

Parker's  Tonic,  *•  purely  vegetable,"  "  recommended  for  inebriates,"  41 . 6 

Schenck's  Sea  Weed  Tonic,  "  entirely  harmless,"  .        .        .        .  19.5 

Atvvood's  Quinine  Tonic  Bitters, 29.8 

L.  T.  Atwood's  Jaundice  Bitters, 22.3 

Moses  At  wood's  Jaundice  Bitters, 17.1 

Baxter's  Mandrake  Bitters, 16.6 

Boker's  Stomach  Bitters, 42.6 

Brown's  Iron  Bitters, 19.7 

Burdock  Blood  Bitters 26.2 

Carter's  Scotch  Bitters,    .        . 17.6 

Colton's  Bitters, 27.1 

Copp's  White  Mountain  Bitters, ''  not  an  alcoholic  beverage,"      .        6.0 

Drake's  Plantation  Bitters,  33.8 

Flints  Quaker  Bitters,     .  21.4 

Goodhue's  Bitters, 16 . 1 

Greene's  Nervui*a, 17.2 

Hartshorn's  Bitters, 22.8 

Hoofland's  German  Bitters,  *' entirely  vegetable  and  free  from 

alcoholic  stimulant," 26.6 

Hop  Bitters, 12.0 

Hostetter's  Stomach  Bitters, 44.3 

Kaufmann's  Sulphur  Bitters, "  contains  no  alcohol."    As  a  matter 

of  fact,  it  contains  20.5  per  cent,  of  alcohol  and  no  sulphur,     .  20.5 

Kingsley's  Iron  Tonic, 14.9 

Langley's  Bitters, 18.1 

Liverpool's  Mexican  Tonic  Bitters, 22.4 

Paine's  Celery  Compound, 21.0 

Pierce's  Indian  Restorative  Bitters, 6.1 

Puritana, 22.0 

Z.  Porter's  Stomach  Bitters, 27.9 

Pulmonino, 16.0 

Rush's  Bitters, 36.0 

Richardson's  Concentrated  Sherry  Wine  Bitters,    .        .        .        .47.6 

Secor's  Cinchona  Bitters, 13.1 

Shonyo's  German  Bitters, ^     .        .  21.6 

Job  Sweet's  Strengthening  Bitters, 29.0 

Thurston's  Old  Continental  Bitters, 11.4 

Walker's  Vinegar  Bitters,  *•  contains  no  spirit,"     .        ,        .        .        6.1 

Warner's  Safe  Tonic  Bitters, 36.7 

Warren's  Bilious  Bitters 21.6 

Wheeler's  Tonic  Sherry  Wine  Bitters, 18.8 

•  See  note  on  page  016. 
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Per  Cent  of 

Alcohol 
(by  Volume)  • 

Wheat  Bitters, 18.6 

Faith  Whitconib's  Nerve  Bitters, 20.3 

Dr.  Williams's  Vegetable  Jaundice  Bitters, 18.6 

Whiskol,  "a  non-intoxicating    stimulant,  whiskey  without  its 

sting," 28.2 

Colden's  Liquid  Beef  Tonic,  "recommended  for  treatment  of 

alcohol  habit," 26.6 

Ayer^s  Sarsaparilla, 26.2 

Thayer^s  Compound  Extract  of  Sarsaparilla, 21.6 

Hood*s  Sarsaparilla, 18.8 

Allen ^s  Sarsaparilla, 13.6 

Dana*s  Sarsaparilla, 13.6 

Brown^s  Sarsaparilla, 13.6 

Corbett^s  Shaker  Sarsaparilla, 8.8 

Radway^s  Resolvent, 7.9 

The  dose  recommended  upon  the  labels  of  the  foregoing  preparations 
varied  from  a  teaspoon ful  to  a  wineglassful,  and  the  frequency  also  varied 
from  one  to  four  times  a  day,  ''  increased  as  needed." 

*•  Opium  Cures/* 

Each  of  the  so-called  cures  furnished  by  the  following  persons, 
mostly  in  Ohio,  Indiana  and  Illinois,  were  found  to  contain  morphine 
in  variable  amounts  :  — 


H.  L.  Baker. 
J.  C.  Beck. 
C.  C.  Beers. 
G.  A.  Bradford. 
P.  B.  Bowzer. 
J.  S.  Carleton. 
S.  B.  Collins. 
B.  S.  Dispensary. 
J.  A.  Drollinger. 
J.  R.  A.  Dunn. 

Dr.  Buckland^s  Scotch  Oats  Essence. 


J.  C.  Ho£fman. 
H.  H.  Kane. 
F.  E.  Marsh. 
L.  Meeker. 
Wm.  P.  Phelon. 
Salvo  Remedy  Co. 
W.  B.  Squire. 
J.  L.  Stevens. 
B.  M.  Woollcy. 


The  so-called  Keeley's  Double  Chloride  of  Gold  Cure,  at  first  advertised 
as  a  remedy  for  the  opium  habit,  was  also  examined  by  the  Board  in  1884, 
and  found  to  contain  not  a  trace  of  gold. 

''  Blood  PurifiersJ* 

An  examination  of  the  so-called  '<  sarsaparilla"  remedies,  or  '*  blood 
puri6ers,"  was  made  in  1892,  and  in  nearly  every  instance  the  remedy 
was  found  to  contain  iodide  of  potassium  in  variable  amounts. 

*  Sm  note  on  page  016. 
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The  following  general  comments  upon  these  preparations  were 
made  in  the  report  of  that  year :  — 

With  but  few  exceptions  they  contain  a  considerable  percentage  of  a 
▼ery  active  and  powerful  remedy,  the  iodide  of  potassium.  .  .  .  The  sale 
of  such  an  article  in  unlimited  quantities  by  druggists,  grocers  and  otheis 
is  censurable.  More  than  this,  the  method  of  its  sale  is  dishonest,  since 
the  unwary  purchaser  is  led  to  believe  that  he  is  purchasing  a  harmless 
vegetable  remedy,  namely,  sarsaparilla. 

It  may  be  seriously  questioned  whether  the  blood  of  persons  who  take 
iodide  of  potassium  continuously  is  not  decidedly  impoverished,  instead  of 
being  purified,  as  is  claimed  by  the  manufacturers.  It  is  not  uncommon  to 
find  persons  who  have  used  continuously  six,  eight  or  ten  pint  bottles  of 
one  of  these  preparations. 

Unlike  sarsaparilla,  the  iodide  of  potassium  is  classed  among  poisons  by 
nearly  every  writer  upon  toxicology. 

The  Board  quotes  several  noted  authorities  upon  this  subject. 
The  pale,  sallow  complexion  of  the  habitual  user  of  the  *^  sarsaparilla 
iodides "  is  unfortunately  too  often  met  with,  wherever  these  rem- 
edies are  freely  advertised  and  sold. 

The  following  list  presents  the  percentage  of  iodide  of  potassium 
found  in  those  samples  which  have  been  submitted  to  the  analyst  for 
examination :  — 

"  So-ccUlcd'"  Sarsaparilla  Remedies, 


Hamb. 


Wilson's, 
Howe's,  . 
White's.  . 
No  name, 
Charles's, 
Mahem'd, 
Ayer's,     . 
Bartlett's, 
No  name, 
No  name, 
Packard's, 
Raynsford's, 
Adams's, 
Broad  <&  Co.'s, 
Hood's,    . 
Hutchinson's, 
Dr.  White's, 


Per  Cent 
of  Iodide  of 
PoUMiam. 


0.32 
0.83 
0.38 
0.41 
0.41 
0.41 
0.45 
0.50 
0.50 
0.50 
0.58 
0.58 
0.75 
0.75 
0.75 
0.75 
0.75 


Nakb. 


Coleman  &  Co.'s, 

Uass*s, 

Brown's, . 

l.eavitt's, 

Moriarty's, 

Dana's,    . 

Woodward's,  . 

Dudley's, 

Cherry  &  Wingate*s, 

Jaynes's, 

Nims's,    . 

Cherry  &  Wingato': 

Mattison's, 

My  rick's, 

Leavitl's, 

Church's, 


8, 


Per  Cms. 
oflodMcoT 


0.83 
0.84 
1.00 
1.00 

i.n 

1.17 
1.S8 
1.50 
1.56 
1.59 
1.67 
1.67 
2.00 
S.18 
2.17 
2 
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The  active  ingredient  was  in  nearly  all  instances  the  iodide  of  potassium, 
but  in  one  or  more  of  the  samples  the  analyst  states  that  the  iodide  **  was 
in  the  form  of  iodide  of  iron,  and  in  others  probably  the  sodium  salt.*' 

In  1895  the  attention  of  the  Board  was  called  to  some  cases  of 
lead  poisoning  which  had  followed  the  use  of  certain  carbonated 
syrups  and  other  drinks  of  an  effervescing  nature.  An  examination 
was  made,  which  resulted  in  finding  that  the  stoppers  of  the  bottles 
used  for  holding  these  drinks  were  often  made  in  part  of  lead,  the 
amount  varying  in  50  different  samples  from  as  low  as  1  per  cent, 
to  a  little  over  50  per  cent,  of  lead ;  and  the  contents  of  the  bottles 
also  contained  variable  amounts  of  lead,  the  maximum  being  in 
the  proportion  of  0.27  grain  per  gallon.  This  quantity  would 
probably  vary  with  the  length  of  time  during  which  the  contents 
were  exposed  to  the  lead  stoppers. 

The  following  preparations  were  found  to  contain  cocaine  :  — 
Dr.  Birney's  Catarrhal  Powder  was  found  on  analysis  to  contain 
bydrochlorate  of  cocaine,  and  according  to  the  label  each  bottle  con- 
tains 2  J  per  cent,  of  this  drug,  with  other  ingredients. 

Instant  Cold  Relief,  made  by  the  Instant  Cold  Relief  Company  of 
Taunton,  contains  cocaine  with  sugar  of  milk,  menthol  and  common 
salt. 

The  danger  in  using  remedies  containing  cocaine  consists  in  the  liability 
to  the  formation  of  a  cocaine  habit.  Instances  have  been  cited  in  which 
persons  purchasing  this  remedy  have  used  a  half-dozen  bottles  per  day, 
with  the  result  of  producing  permanent  injury  to  health.  According  to  the 
U.  S.  Dispensatory,  the  habitual  use  of  cocaine  ^*  readily  grows  upon  the 
individual,  and  the  inveterate  user  can  be  recognized  by  his  uncertain  step, 
general  apathy,  sunken  eyes,  trembling  lips,  fetid  breath,  etc.  Incurable 
insomnia  is  apt  to  be  developed,  emaciation  becomes  extreme,  dropsy  ap 
pears  and  even  death  results.  Poisoning  and  even  death  have  resulted  both 
from  its  internal  administration  and  its  local  use.'' 

Kaskine,  a  much  vaunted  remedy,  sold  at  one  dollar  an  ounce, 
was  found  to  consist  of  nothing  but  granulated  sugar. 

Modene,  an  empirical  preparation  for  removing  hair,  was  found 
to  consist  of  calx  sulphurata  (sulphurated  lime). 

Ozonos,  a  proprietary  disinfectant,  was  found  to  be  a  solution  of 
permanganate  of  potash. 
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iDformatioD  in  regard  to  different  brands  of  adalterated  spices  and 
other  articles  of  food  may  be  found  in  the  twenty-first  annual  report 
of  the  Board  (1889). 

Names  of  brands  of  French  peas  colored  with  sulphate  of  copper 
(blue  vitriol)  were  published  in  the  weekly  bulletin  of  May  9,  1891. 
That  portion  of  the  bulletin  which  contains  the  monthly  food  and 
drug  report  contains  considerable  additional  information  upon  special 
subjects,  which  is  published  as  occasion  requires. 
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REPORTS  OF  THE  ANALYSTS. 


Dr.  S.  W.  Abbott,  Secretary  of  Slate  Board  of  Health, 

Dear  Sir  :  —  I  have  the  honor  to  present  my  report  of  the  analy- 
sis of  food  and  drugs  for  the  year  ending  Sept.  30,  1896. 

Milk. 

From  the  beginning  of  the  collection  and  examination  of  milk  in 
1883  under  the  food  and  drug  acts  to  the  present  time  there  has 
been  for  the  most  part  an  annual  increase  in  the  number  of  samples 
reported.  The  past  year  shows  a  considerably  larger  number  than 
ever  before.  For  a  number  of  years  preceding  the  present  the  ratio 
of  the  samples  of  milk  which  were  below  the  standard  analyzed  in 
this  laboratory  has  varied  but  little  from  50  per  cent.  The  record 
of  the  present  year,  however,  shows  what  may  appear  as  a  surpris- 
ing improvement  of  quality,  the  samples  below  the  standard  amount- 
ing to  only  35.2  per  cent,  of  the  total  number  analyzed. 

But  this  improved  ratio  is  due  to  the  fact  that  the  legal  standard 
of  total  solids  has  been  changed.  For  the  months  of  July  and  Au- 
gust of  the  past  year  the  legal  standard  of  total  solids  was  dropped 
from  13  to  12  per  cent.,  so  that  a  majority  of  the  samples  received 
during  those  months  which  under  the  old  standard  would  have  been 
reported  adulterated  are  here  reported  of  standard  quality.  Although 
the  law  now  in  force  fixes  the  legal  standard  at  12  per  cent,  from 
April  1  to  August  31,  this  law  did  not  go  into  effect  in  time  to  in- 
clude April,  1896,  which  is  here  reported  under  the  13  per  cent, 
standard. 

The  tables  show  what  might  naturally  be  expected,  that  the  per- 
centage of  adulteration  of  the  samples  collected  from  towns  is  con- 
siderably lower  than  in  the  case  of  milk  from  cities,  while  the  milk 
from  the  ^'  suspected  producer"  class  is  much  the  poorest  of  all. 
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Milk  from  Cilia. 


CiTIBt. 

ToUl 

Aamples 

Oollectcd. 

Above 
Standard. 

Below 
Standard. 

Percent 

below 
Standard. 

Total 

Solldata 

Lowest 

Sample. 

HuBber 

of 
Skimmed 
Samplee. 

Namber 

er 

Oolnced 

Samptee 

Boston,    . 

186 

139 

68 

84.1 

10.06 

- 

• 

BroektOD, 

48 

88 

10 

90.8 

10.45 

- 

- 

Cambrldg*,     • 

407 

220 

181 

44.4 

0.02 

- 

6 

CbelM*.  .       .       . 

SS2 

106 

116 

52.9 

8.60 

4 

1 

ST«r«U,  . 

16« 

70 

77 

40.8 

10.00 

- 

- 

Fall  River,      . 

100 

78 

22 

22.0 

10.80 

- 

- 

FItohbarg, 

84 

47 

87 

44.0 

0.80 

6 

- 

OloQCMter,     . 

08 

Tl 

27 

27.5 

0.58 

- 

4 

Hayerhin, 

S8 

17 

11 

80.8 

10.83 

- 

- 

Lawreooe, 

94 

17 

T 

28.2 

11.84 

9 

- 

Maiden,    .       .       . 

190 

52 

68 

56.6 

10.24 

9 

4 

Marlborough, 

17 

11 

6 

85.8 

11.89 

- 

- 

Medford,         .       . 

108 

102 

66 

80.2 

10.87 

- 

- 

Newbaryport, 

88 

S3 

5 

18.2 

11.56 

- 

- 

Newton,  . 

171 

136 

85 

20.5 

11.35 

9 

9 

North  AdaoM, 

18 

18 

0 

0.0 

18.18 

- 

Qalney,    .       .       . 

45 

95 

90 

44.4 

11.50 

- 

- 

Salem,      . 

54 

88 

91 

88.8 

10.50 

- 

- 

Bomerrllle,     . 

600 

818 

101 

87.5 

0.81 

- 

S 

Tannton, 

48 

40 

8 

16.6 

19.87 

4 

• 

Waltham,        • 

04 

96 

88 

50.4 

11.84 

T 

Wobum, . 

05 

67 

98 

20.5 

11.16 

- 

4 

Woreeeter,     • 

80 

63 

17 

21.2 

10.40 

1 

- 

Totale,      . 

2,770 

1,725 

1,054 

37.0 

8.60 

91 

81 
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Milk  from  Towns 


Townf. 

ToUl 

Samples 

Collected. 

Above 
Standard. 

Below 
SUndard. 

Percent 

below 
Standard. 

ToUl 

SoUdsln 

Lowest 

Sample. 

Namber 

of 
Skimmed 
Samples. 

Number 

of 
Colored 
Samples. 

ArllDgtoo,       •       .       .       . 

12 

5 

7 

68.8 

11.16 

. 

2 

Beverly,  . 

26 

14 

12 

46.1 

9.40 

- 

• 

Brookllne, 

147 

124 

23 

15.6 

9.64 

- 

1 

Canton,    • 

27 

28 

4 

14.8 

10.82 

- 

- 

Clinton,   •       . 

83 

26 

8 

24.2 

12.40 

4 

- 

Dedham, . 

79 

65 

24 

80.4 

10.67 

- 

- 

Framingham,  . 

5 

6 

0 

0.0 

18.10 

- 

- 

Greenfield, 

4 

4 

0 

0.0 

12.80 

- 

- 

nolllaton, 

6 

8 

8 

60.0 

12.10 

- 

- 

Hull, 

12 

11 

1 

8.8 

10.76 

- 

- 

Hyde  Park,     . 

108 

78 

26 

24.2 

10.18 

1 

- 

Lexington, 

10 

8 

2 

20.0 

11.66 

- 

- 

Marblehead,    • 

48 

26 

17 

89.6 

10.20 

- 

1 

Melrose,  . 

21 

4 

17 

84.8 

11.08 

- 

- 

Mil  ford,   . 

80 

28 

8 

22.2 

11.08 

2 

- 

Milton,     . 

6 

2 

4 

66.6 

12.40 

- 

- 

Montague, 

19 

16 

4 

21.0 

12.40 

1 

- 

Nantucket, 

17 

17 

0 

0.0 

12.80 

- 

- 

Nalick.     . 

30 

27 

8 

10.0 

9.02 

- 

1 

New  Bedford, 

24 

16 

9 

87.5 

11.53 

-  . 

- 

Plymouth, 

24 

22 

2 

8.8 

12.00 

- 

- 

Provincetown, 

16 

16 

0 

0.0 

12.70 

1 

- 

Randolph, 

11 

10 

1 

9.1 

12.86 

- 

- 

Reading,  • 

29 

10 

19 

65.6 

9.26 

- 

7 

Revere,    . 

70 

52 

18 

26.7 

9.73 

- 

- 

Rockland,        • 

12 

8 

4 

88.8 

11.88 

- 

- 

Salisbury, 

18 

17 

1 

6.5 

11.68 

- 

- 

Stoneham,       • 

102 

86 

16 

16.7 

9.68 

- 

- 

StoughtoD, 

69 

64 

16 

21.7 

7.70 

- 

- 

Wakefield, 

24 

10 

14 

68.8 

9.82 

- 

1 

Wareham, 

12 

10 

2 

16.6 

9.80 

- 

- 

Watertown,     • 

45 

27 

18 

89.4 

10.00 

2 

- 

Webster, 

28 

15 

8 

84.8 

10.60 

8 

- 

Wellesley, 

4 

2 

a 

60.0 

12.60 

1 

- 

Westborough, 

17 

17 

0 

0.0 

12.00 

1 

- 

Winchester,    . 

60 

86 

26 

41.6 

11.04 

- 

- 

Winthrop, 

46 

41 

6 

10.8 

11.16 

- 

- 

Totals,      . 

1,242 

921 

821 

26.8 

7.70 

16 

18 
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MUk  finm  Suspe^ed  Produeer$. 


LOCAXJTT. 


Total 

SamplM 

CoUectcd. 


Above 
Standard. 


Below 
Staadard. 


Par  Out. 


Total 
floMdabi 


Avon,  . 
Bedford, 
Bererly, 
Brookfleld, . 
Charlton,    . 
Danyera, 
Dorer, .       • 
Hardwlek,  . 
LezioytoD,  . 
Mendon, 
NorthboroQgb, 
Boatb  borough, 
Burling,      . 
Btonghton,  . 
Bodbary,     , 
Topafleld,    . 
Upton, 
Waltham,   . 
Walpole,     . 
Way  land,    . 
Weatborough, 
Weatford,   . 
Weeton, 
ToUla, . 


4 

18 

ft 

U 

10 

8 

8 

10 

12 

8 

8 

10 

8 

6 

12 

1« 

0 

4 

8 

15 

ft 

11 

15 


218 


2 
ft 
0 
1 
8 

ift 
4 

10 
9 
8 
0 
8 
0 

a 

2 
12 

a 

4 
1 

10 
8 
6 

11 


102 


ftO.O 
61.6 

100.0 
91.T 
87.0 
ST.O 
80.0 
80.0 
S8.0 
0.0 

100.0 
70.0 

lOO.O 
60.0 
88.8 
15.0 

n.T 

0.0 
10.0 
88.8 
40.0 
ft4.6 
28.8 


68.1 


]f.8B 
11.M 
10.19 
16.41 
lO.M 
11.71 

8.69 
10.96 
11.86 
11.86 

8.78 
11.79 
11.86 
10.41 

lo.n 

10.84 
11.18 
14.08 
T.U 
11.18 
16.48 
10.86 
11.16 


7.18 


Summary  of  Milk  Statistici, 


Total 

Hamplea 

Collected. 

Above 
Standard. 

IWlow 
Standard. 

Per  Cent. 

below 
Standard. 

Total 
Holldt  In 
Lowest 
Sample. 

Homber 

of 
Skimmed 
Bamplca. 

Kunbar 

or 

Colored 
Samplea. 

ClUea 

2.770 

1.725 

021 

102 

0 

1,054 
821 

116 
8 

37.0 
25.8 
53.2 
67.1 

8.00 
7.70 
7.13 
5.06 

n 

16 

SI 

Towna 

Buepected  producer*,    . 
Mlacellaoeone, 

1.242 

218 

14 

18 

1 

Total 

4.258 

2.754 

1.400          85.2 

6.05 

87 

48 
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More  artiGcially  colored  milks  were  foaDd  than  usual.  Forty-five 
samples  proved  to  be  thus  sophisticated.  They  were  collected  in  14 
towns  and  cities.  Of  these  samples,  39  were  colored  with  annatto 
and  6  with  the  aniline  orange  described  in  our  report  for  1895. 
Many  of  these  colored  milks  were  found  to  be  above  the  legal  stand- 
ard in  total  solids.  In  one  instance,  in  which  a  conviction  was 
secured  in  court,  the  milk  contained  over  17  per  cent,  of  solids.  In 
this  case  the  aniline  orange  was  used,  and  the  defendant  admitted 
his  guilt,  urging  as  an  excuse  that  his  customers  demanded  a  more 
highly  colored  article  than  natural  milk. 

Of  the  artificial  colors,  annatto  seems  to  give  a  pale  milk  the  most 
natural  crenmy  appearance,  and  hence  it  is  most  extensively  used. 
It  is  unfortunate  for  the  milkman  that  when  artificial  coloring  of 
any  kind  is  used  the  yellow  tint  resulting  is  not  confined  chiefly  to 
the  cream,  as  is  the  case  with  the  natural  color  of  milk.  It  thus 
happens  that  when  pure  milk  has  stood  for  a  sufficient  time  to  allow 
the  cream  to  separate,  it  is  found  on  pouring  off  the  top  that  the  milk 
underlying  the  cream  has  the  familiar  bluish  tint  of  '<  skimmed  milk.*' 
But  when  an  artificially  colored  milk  is  treated  similarly,  the  yellow 
color  is  found  to  tinge  the  milk  below  the  fat  layer.  In  the  regular 
course  of  analysis  this  appearance  often  directs  the  attention  of  the 
analyst  to  the  artificial  color,  which  is  afterwards  determined  by  the 
special  tests. 

No  samples  of  milk  were  found  to  contain  an  added  preservative. 
The  use  of  formalin  as  a  milk  preservative,  which  is  reported  from 
some  of  the  western  States,  has  not  been  adopted  here  to  any  great 
extent. 

A  convenient  means  of  detecting  its  presence  in  small  quantities  in 
milk  is  by  the  aid  of  fuchsine,  decolorized  by  sulphurous  acid.* 
Ten  or  twelve  cubic  centimeters  of  the  suspected  milk  are  treated 
with  about  1  cubic  centimeter  of  the  decolorized  fuchsine  solution. 
After  standing  a  short  time,  hydrochloric  acid  is  added  and  the 
mixture  shaken.  The  presence  of  formalin  is  indicated  by  a  violet 
color,  varying  in  depth  according  to  the  amount  present.  In  the 
absence  of  formalin  the  milk  shows  only  a  yellowish  color  after 
shaking  with  the  acid. 

The  accompanying  table  shows  the  results  of  the  analysis  of  a 
series  of  milks  of  known  purity  from  a  herd  of  thirty-six  cows, 

•  Method  of  G.  Denig^fl,  **  Jour.  Pharm.  et  Chemie/'  fer.  6,  4  (1896,  page  193). 
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chiefly  gmtle  Holsteioa.  This  milk  was  taken  during  Fehnury, 
when  the  stunOard  is  13  per  cent,  of  solids.  It  will  be  seen  that  the 
RTeroge  ol'the  whole  herd  is  materially  below  the  standard. 
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Condensed  Milk. 
The  anRlysifi  of  a  large  proportion  of  the  brands  of  condensed  milk 
for  sale  in  litis  Slate  shows  that  for  the  most  part  a  good  quality  of 
milk  has  been  U8ed  by  the  manufticturers  for  this  purpose.  Id  a  few 
jnstnnces,  however,  skimmed  milk  has  evidently  been  used.  This  is 
clearly  indicated  by  the  low  percentage  of  fat  in  the  last  few  samples 
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in  the  accompanying  table,  in  which  the  samples  are  arranged  in  the 
order  of  their  fats.  The  ratio  of  fat  to  proteid  of  normal  miik  is 
BometbiDg  like  5  to  4,  while  in  the  laat  iastance  on  the  table  it  is 
shown  aa  1  to  5. 

CoTuUmed  Millet. 
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IS 
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SB 
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!S 
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Condetued  Milkt — Concluded. 


IMPKCTOB'S 

JSl'MBKA. 

Brand. 

Total 
Sollda. 

Water. 

Total 
Soffar. 

Protelda 

Fat. 

Aah. 

1M3A,    . 

Porcelain,  . 

74.48 

26.68 

68.76 

8.01 

8.10 

1.61 

247t4,      . 

Tip  Top,    , 

78. 4S 

26.68 

64.67 

9.11 

8.10 

1.64 

24U7,      . 

Dime,. 

71. n 

28.28 

68.80 

8.66 

T.68 

1.68 

S5140, 

Babj, ...       1 

60.80 

80.70 

60.80 

10.06 

7.85 

l.St 

24966, 

PoroeUIn,  . 

78.08 

26.92 

68.62 

10.64 

7.20 

1.88 

•M^.    . 

If  aloe'a  Farorlte, 

68.96 

81.06 

49.96 

10.70 

0.90 

1.46 

Mflfty, 

Anchor, 

67.70 

82.80 

47.46 

11.42 

6.90 

1.92 

QS&I^,    . 

1               • 

Purllj, 

76.96 

28.06 

66.71 

11.72 

6.72 

1.80 

807V,     . 

If  alne*t  Farorlte, 

68.40 

81.00 

60.86 

8.80 

6.60 

2.96 

M49^, 

J.  B.  Bmlth, 

74.07 

26.98 

66.89 

10.70 

6.88 

1.80 

1007A, 

Wlnthrop  Jersey,     . 

67 .28 

82.n 

60.77 

11.09 

S.60 

1.9S 

S29U,    . 

*                • 

Cape  Ann, . 

67.40 

82.60 

48.61 

14.19 

S.TO 

2.00 

The  so-called  evaporated  cream  proves  in  most  instances  to  be  an 
ordinary  grade  of  milk,  evaporated  to  the  consistency  of  cream  with- 
out the  addition  of  sugar.  In  one  instance,  however,  as  shown  in 
the  accompanying  table,  an  evaporated  skimmed  milk  appears  as  the 
favorite  brand  of  **  evaporated  creamJ*^ 


JEvaporcUed  Creams, 


IVSPKCTOI'8 

ilUMBKB. 

Brand. 

Total 
Solids. 

Water. 

Sttgar. 

FroteMs. 

Fat 

Ash. 

9848^,    . 

Borden't  Peerleea,    . 

81.16 

68.86 

12.00 

7.68 

10.20 

1.42 

8846^,     , 

Imperial,    • 

81.81 

68.19 

18.64 

6.64 

10.00 

1.68 

8407A,    . 

Superb, 

80.78 

69.27 

12.76 

6.63 

0.90 

1.44 

1083A,    . 

St.  Cbarlee, 

28.62 

71.88 

10.06 

7.04 

9.90 

1.66 

26152, 

Highland,  . 

20.98 

70.07 

10.74 

8.78 

9.00 

1.46 

21608, 

St.  Charles, 

80.10 

60.90 

18.24 

7.22 

8.10 

1.64 

26168, 

Favorite,     . 

22.14 

77.86 

8.97 

14.62 

2.26 

1.88 

7916^, 

Favorite,    . 

21.46 

78.64 

- 

- 

1.68 

1.21 

In  the  analyses  here  reported,  the  total  solids,  proteids  and  ash 
were  determined  by  methods  described  in  our  report  for  1895. 

The  determination  of  the  fat  has  been  made  by  a  special  method 
devised  by  Mr.  A.  E.  Leach  of  this  laboratory.  It  is  well  known 
to  those  who  have  tried  to  apply  the  Babcock  method  of  fat  deter- 
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mination  to  condensed  milks  which  are  preserved  by  the  addition  of 
cane  sugar,  that  it  is  impossible  to  accomplish  the  clean  separation 
of  the  fat,  on  account  of  the  heavy  char  resulting  from  the  action  of 
the  sulphuric  acid  on  the  sugar.     No  degree  of  dilution  obviates  this 
diflBculty.     To  get  rid  of  the  sugar  before  applying  the  Babcock 
method,  the  following  scheme  was  devised.     Forty  grammes  of  the 
sample  are  weighed  out,  and  its  aqueous  solution  is  made  up  to  100 
cubic  centimeters  in  a  graduated  flask.     Fifteen  cubic  centimeters 
of  this  solution,  corresponding  to  6  grammed  of  the  sample,  are 
withdrawn  by  means  of  a  pipette,  and  are  transferred  to  one  of  the 
large  test  bottles  commonly  used  for  skimmed  milk  determinations 
in  the  Babcock  centrifuge.     The  capacity  of  the  body  of  this  test 
bottle  is  about  50  cubic  centimeters,  and  its  neck  is  graduated  to 
read  as  fine  as  0.1  per  cent.     Water  is  then  poured  in  till  the  liquid 
nearly  reaches  the  neck  of  the  bottle,  and  3.5  cubic  centimeters 
of  an  aqueous  solution  of  sulphate  of  copper  is  added,  of  the  strength 
of  69  28  cubic  centimeters  per   litre  (Fehling*s  copper  solution). 
The  bottle  is  then  well  shaken  and  its  contents  are  allowed  to  settle. 
The  precipitate,  which  consists  of  proteids,  carrying  with  it  the  fat, 
subsides  more  quickly  if  the  bottle  is  set  in  ice  water.     The  clear 
supernatant  liquid,  which  contains  the  sugar  in  solution,  is  then  drawn 
off  by  means  of  a  small-stemmed  pipette,  of  a  capacity  of  50  cubic 
centimeters,  whose  upper  end  is  fitted  for  convenience  with  a  piece 
of  rubber  tubing.     A   small   wisp   of  absorbent  cotton  is  lightly 
twisted  about  the  lower  end  of  the  pipette,  to  serve  as  a  filter.     After 
the  liquid  is  thus  drawn  up  into  the  pipette  the  cotton  wad  is  re- 
moved from  its  lower  end  by  lightly  rubbing  it  against  the  inside 
of  the  bottle's  neck  as  the  pipette  is  withdrawn.     The  precipitate  is 
washed   three  times  as  above   by  decantation,  and  then   25   cubic 
centimeters   of  sulphuric   acid   are  added,  and  the  usual  Babcock 
centrifuge  method  is  followed.     The  reading  to  tenths,  multiplied 
by  six,  gives  the  percentage  of  fat  in  the  sample. 

Butter. 

The  inspectors  have  been  unable  to  find  any  case  of  oleomargarine 
substitution  during  the  year ;  349  samples  were  examined. 

Lard. 

Of  67  samples,  18  proved  to  contain  added  cotton-seed  oil   or 
tallow. 
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No  case  of  adulterated  cheese  has  been  found ;  57  samples  have 
been  examined. 

Olive  Oil. 

Of  33  samples,  10  were  seed  oil,  either  wholly  or  in  part. 

Honey. 

Of  65  samples,  10  consisted  wholly  or  in  part  of  glucose  syrup. 
The  poorest  sample  contained  75  per  cent,  adulteration. 

Molasses. 

Of  137  samples,  12  contained  glucose  syrup.  The  maximum 
adulteration  was  70  per  cent. 

Syrup. 

All  three  of  the  refiners'  syrups  examined  contained  added  glucose 
syrup. 

Maple  Sugar. 

Of  the  22  samples  examined,  7  contained  notable  quantities  of 
crude  cane  sugar. 

Maple  Syrup. 

Of  the  28  samples,  10  contained  glucose  syrup,  or  were  chiefly 
sugar-house  drips. 

Ground  Spices. 

Allspice.  — Of  129  samples,  6  were  adulterated.  The  adulterants 
wore  ground  fruit  stones,  wheat,  ginger,  nut-shells  and  peas.  The 
worst  specimen  contained  40  per  cent,  of  adulteration. 

Cassia.  —  Of  250  samples,  7  were  adulterated  with  ginger,  wheat, 
sawdust  and  a  foreign  bark.  The  maximum  adulteration  was  50  per 
cent. 

Cayenne  again  leads  in  respect  of  adulteration,  23  of  the  67  sam- 
ples-proving to  contain  corn,  wheat,  turmeric,  ginger  or  gypsum. 
The  maximum  adulteration  was  50  per  cent. 

Cloves.  —  Of  235  samples,  10  were  found  adulterated  with  wheat, 
rice,  allspice,  ginger  or  clove  stems.  The  maximum  adulteration 
was  60  per  cent. 

Ginger.  —  Of  222  samples,  38  were  found  adulterated  with  com 
or  turmeric.     The  maximum  adulteration  was  70  per  cent. 
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Mace.  —  Of  13  samples,  1  contained  com  and  turmeric. 

Mustard.  —  Of  214  samples,  73  were  found  to  contain  turmeric, 
wheat,  corn,  buckwheat,  rice,  cayenne  and  potato.  The  maximum 
adulteration  was  45  per  cent. 

Nutmeg.  —  Of  the  12  samples  examined,  1  contained  wheat  to  the 
extent  of  10  per  cent. 

Pepper.  —  Of  the  337  samples  examined,  22  were  found  to  contain 
grouud  nut-shells,  wheat,  bark,  ginger,  olive  stems  or  pepper  hulls 
in  large  excess.     The  maximum  adulteration  was  65  per  cent. 

Vinegar. 

As  usual,  the  percentage  of  adulteration  in  vinegar  stands  higher 
than  any  other  food  of  which  as  large  a  number  of  samples  has  been 
examined.  Of  the  83  specimens  submitted,  41  were  below  stand- 
ard. The  following  table  shows  the  analysis  of  these  samples  in 
detail :  — 


rercentaire  of 

Perctntage  of 

Percentage  of 

Percentage  of 

Percentage  of 

Percentage  of 

Acetic  Acid. 

Solids. 

AccUc  Acid. 

Bolide. 

Acetic  Add. 

Solida. 

6.05 

2.00 

4.77 

2.70 

4.62 

2.26 

6.75 

2.95 

4.75 

1.88 

4.62 

8.76 

5.70 

0.40 

4.74 

2.00 

4.62 

1.88 

6.60 

2.40 

4.74 

2.66 

4.60 

2.60 

5.65 

1.94 

4.72 

1.46 

4.60 

8.12 

6.88 

2.64 

4.69 

3.14 

4.60 

2.62 

6.85 

2.00 

4.69 

2.16 

4.48 

2.20 

5.84 

2.60 

4.68 

2.00 

4.47 

2.66 

5.28 

1.76 

4.68 

2.00 

4.47 

2.65 

5.23 

1.83 

4.68 

2.14 

4.47 

2.60 

5.06 

2.84 

4.66 

2.79 

4.43 

2.00 

4.97 

0.55 

4.66 

2.00 

4.43 

2.20 

4.95 

8.92 

4.65 

2.60 

4.40 

2.30 

4.92 

2.00 

4.65 

0.40 

4.39 

2.00 

4.92 

2.02 

4.65 

2.07 

4.37 

1.10 

4.90 

2.02 

4.63 

2.77 

4.34 

2.36 

4.90 

2.00 

4.62 

0.00 

4.30 

1.13 

4.90 

0.44 

4.62 

2.20 

4.30 

2.30 

4.90 

2.57 

4.66 

0.60 

4.15 

8.70 

4.89 

0.00 

4.66 

0.37 

4.15 

0.55 

4.88 

1.67 

4.55 

2.28 

4.00 

0.57 

4.87 

1.84 

4.56 

2.10 

8.90 

0.00 

4.85 

2.22 

4.66 

2.86 

3.89 

1.69 

4.83 

0.30 

4.54 

8.74 

8.80 

1.14 

4.80 

8.10 

4.54 

2.77 

3.70 

4.67 

4.80 

2.46 

4.53 

2.04 

3.41 

1.20 

4.80 

3.60 

4.53 

0.00 

2.96 

2.35 

4.79 

0.64 

4.53 

2.75 
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Tea. 

Of  96  samples  examiDed,  only  1  proTod  to  be  adulterated.. 

Coffee. 

Of  120  samples  examined,  16  were  adulterated  with  chiccory,  peas, 
wheat,  dandelion,  beans,  sticks  or  gravel.  The  maximum  adultera- 
tion was  70  per  cent. 

Cocoa  {including  Chocolate  Preparations). 

Of  39  specimens  submitted,  9  of  the  samples  of  cocoa  proved  to 
be  adulterated  with  rice,  wheat,  sugar,  salt,  oatmeal,  arrowroot  or 
potato.  The  sample  containing  the  largest  admixture  showed  but 
44  per  cent,  of  cocoa. 

Confectionery. 

Of  126  samples  examined,  only  3  were  found  to  contain  elements 
not  properly  edible.  These  were  samples  of  chocolate  lozenges,  con- 
taining no  chocolate,  but  colored  with  considerable  addition  of  oxide 
of  iron. 

Cream  of  Tartar. 

Of  421  samples  examined,  17  proved  to  be  adulterated  with  com, 
alum,  gypsum  or  acid  phosphate  of  lime.  The  poorest  sample  con- 
tained 70  per  cent,  of  gypsum. 

Canned  Goods  {exclusive  of  Condensed  Milk). 

Of  canned  goods,  47  samples  were  examined  for  metallic  poison. 
Notable  quantities  of  lead  have  not  been  found,  and  only  8  samples 
contained  tin  in  injurious  amount. 

Miscellaneous. 

Of  190  samples  classed  under  this  head,  49  proved  to  be  adul- 
terated, or  to  contain  injurious  ingredients. 

Among  these  samples  were  specimens  of  pickles,  none  of  which 
were  found  to  contain  copper ;  of  chowchow,  which  proved  to  con- 
tain salicylic  acid,  as  also  did  samples  of  catsup  and  apple  butter. 

Samples  of  tripe  and  oysters  were  found  to  be  preserved  with 
boracic  acid,  and  a  sample  of  so-called  *'  preservative ''  was  found  to 
consist  of  boracic  acid. 
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Samples  of  extract  of  Tanilla  were  found  to  be  largely  reinforced 
with  coumarin. 

Samples  of  ^' currant  jelly"  were  found  to  consist  of  apple  jelly 
colored  with  cochineal. 

Samples  of  tin  foil  used  to  wrap  fresh  cheeses  and  sausages  were 
examined.  The  only  sample  which  proved  to  contain  more  than  3 
per  cent,  of  lead,  which  is  considered  the  danger  limit  in  foil  used 
for  this  purpose,  was  one  in  which  was  wrapped  a  cheese  from 
Worcester  County  Creamery.  This  was  a  bright  foil,  in  contrast  to 
the  dull  foil  used  to  wrap  Neufchatel  and  cream  cheeses.  This  speci- 
men contained  52.8  per  cent,  of  lead. 

Samples  of  sausages  were  found  to  be  colored  artificially. 


Summary  of  Food  Statistics,, 


Foods. 

Oenolna. 

Adoltentod. 

Total. 

P«r  Cent  of 
Adoltentlon. 

Allspice, 

129 

6 

136 

4.4 

Butter.     . 

349 

0 

349 

0.0 

Canned  goods, 

44 

8 

47 

6.4 

Cassia,     . 

243 

7 

250 

2.8 

Cayenne, 

44 

23 

67 

34.3 

Cheese,    . 

67 

0 

67 

0.0 

Chocolate, 

30 

9 

39 

23.0 

Cloves,    . 

225 

10 

236 

4.3 

Coffee,     . 

104 

16 

120 

18.3 

Confectionery, 

123 

3 

126 

2.4 

Cream  of  tartar. 

404 

17 

421 

4.0 

Ginger,    . 

184 

38 

222 

17.1 

Honey,     . 

56 

10 

66 

16.3 

Lard, 

49 

18 

67 

26.8 

Mace, 

12 

1 

IS 

7.7 

Maple  sugar,   . 

15 

7 

22 

31.8 

Maple  syrup,  . 

18 

10 

28 

36.7 

Miscellaneous, 

141 

49 

190 

25.8 

Molasses,         .        « 

126 

12 

137 

8.8 

Mustard, . 

141 

73 

214 

34.1 

Nutmeg, . 

11 

1 

12 

8.3 

Olive  oil, 

23 

10 

33 

33.3 

Pepper,    . 

816 

22 

837 

6.6 

Syrup, 
Tea, 

0 

3 

3 

100.0 

96 

1 

96 

1.0 

Vinegar, . 

42 

41 

83 

49.4 

Totals, 

t 

t 

• 

2,978 

390 

3,368 

11.6 
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Drugs. 

Samples  which  do  not  conform  with  pharmacopoeial  requirements 
are  here  reported  adulterated,  or  of  poor  quality. 

Acetantltd:  Of  21  samples  examined,  only  1  proved  to  be  adul- 
terated ;  it  was  found  to  contain  com. 

Acidum  Bemoicum :  Of  6  samples  examined,  all  were  of  good 
quality. 

Acidum  Hj/drobromtcum  Dilutum :  Of  7  samples  examined,  all 
were  of  good  quality. 

Acidum  Tannicum:  Of  5  samples  examined,  all  were  of  good 
quality. 

JEiher:  Of  22  samples  examined,  4  were  of  poor  quality,  con- 
taining too  much  alcohol  and  water. 

Alcohol:  Of  14  samples  examined,  4  contained  too  much  water. 

Aqua  AmmonioB:  Of  7  samples  examined,  3  were  of  poor  qual- 
ity, containing  insufficient  N  H,. 

Aqua  Chlort:  None  of  the  3  samples  examined  contained  any- 
where near  the  required  amount  of  chlorine. 

Aqua  Destillata:  Of  30  specimens,  25  were  of  poor  quality. 
But  very  little  care  appears  to  be  exercised  by  druggists  to  insore 
a  good  quality  of  this  simple  preparation.  The  subjoined  figures 
will  show  the  quality  of  the  specimens  examined.  A  pure  distilled 
water  of  course  contains  no  solid  residue.  The  following  figures 
indicate  the  parts  of  solid  residue  found  in  100,000  parts  of  each 
sample :  — 


72 

12 

8 

7 

5 

2.5 

0 

80 

11.5 

8 

6.5 

4.5 

2 

0 

27 

10 

7 

5.5 

4.5 

1 

0 

14.5 

10 

7 

5.5 

4.5 

0 

0 

12 

9 

7 

5.2 

Aqua  Hydrogenii  Dioxidi:  The  single  specimen  examined  seemed 
to  be  of  pharmacopoeia!  strength. 
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Argenti  Nitras :  Of  the  16  samples  examined,  all  were  of  good 
quality. 

Bismuthi  Suhcarbonas:  Of  the  7  samples  examined,  all  proved 
of  good  quality. 

Bismuthi  Suhnitraa:  Of  the  27  samples  examined,  8  failed  to 
meet  the  pharmacopceial  requirements,  containing  traces  of  arsenic 
or  notable  amounts  of  subcarbonate. 

Calx  Chlorata :  Of  the  5  samples  examined,  none  were  of  good 
quality,  the  amount  of  available  chlorine  being  in  one  case  but  5  per 
cent,  of  the  requirement. 

Calx  Preparata :  The  2  samples  examined  proved  to  be  of  good 
quality. 

Cerii  Oxalas:  The  6  samples  examined  proved  to  be  of  good 
quality. 

Chloral  Hydras:  The  single  sample  examined  proved  to  be  of 
good  quality. 

Chloroformum :  Of  the  11  samples  examined,  2  were  of  poor 
quality,  containing  too  much  alcohol. 

Exlractum  GhjcyrrhtzoB :  Of  the  8  samples  submitted,  7  proved  to 
be  adulterated  with  corn  starch. 

Exlractum  Nucis  VomicoB:  All  of  the  3  samples  examined  were 
of  insufficient  strength,  the  percentage  of  total  alkaloids  being  re- 
spectively 11.28,  10.92,  9.10. 

Ghjcerinum:  Of  the  eight  samples  examined,  all  were  of  good 
quality. 

Hydrargyri  Chloridum  Mite:  Of  the  22  samples  examined,  all 
were  of  good  quality. 

Oleum  Limonis:  Of  10  samples  examined,  4  were  of  poor  quality, 
containing  alcohol. 

Paraldehydum :  The  single  sample  examined  was  of  good  quality. 
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Phenacetin :  The  two  samples  examined  were  of  good  qaality. 

Pulvis  Opii:  Of  the  31  samples  examined,  16  were  not  of  pbar- 
macopteial  strength.  The  following  figures  show  the  percentage  of 
morphine  contained  in  the  various  samples :  — 


26.6 

14.99 

14.80 

14.10 

14.00 

13.40 

18.20 

10.40 

16.14 

14.92 

14.30 

14.00 

13.90 

13.40 

11.48 

6.80 

16.7 

14.90 

14.20 

14.00 

13.70 

13.30 

11.40 

8.65 

16.4 

14.70 

14.10 

14.00 

13.70 

13.30 

10.76 

Spiritus  ^theris  Cotnposity^:  Of  the  32  samples  examined,  only 
7  proved  of  standard  quality ;  1  consisted  chiefly  of  amyl  alcohol, 
and  the  others  contained  little  and  in  most  cases  no  ffitherial  oil. 

Spiritus  JEtheria  Niirosi:  Of  the  13  samples  examined,  only  4 
approximated  the  standard. 

Spiritus  Frumenti:  Of  the  13  specimens  submitted,  only  2  ap- 
proached the  standard  requirements.  The  following  table  shows 
the  results  of  analysis  :  — 


PercentAffe  of 

Alc«*hol 

bj  Well ht 

Tercentftg*  of 
SolUU. 

1 

Pereentagt  of 

Alcohol 

hj  Weight 

Perc«ntaffe  of 
8olldi. 

PwventM*  or 

Alcohol 

bj  Welf  ht 

SoUds. 

44.18 

43.62 
43.14 
42.96 
42.29 

0.00 
0.66 
0.70 
0.23 
0.79 

40.70 

39.80 
39.00 
88.22 

1 

1.20 
0.66 
1.00 
0.20 

1 

37.78 
87.11 
86.60 
81.63 

0.70 
1.50 
0.66 
0.46 

Spiritus  Juniperi:  The  single  sample  examined  proved  to  contain 
too  much  water. 

Spiritus  Vini  Gdllici:  Of  the  2  samples  examined,  1  was  of  poor 
quality. 

Succus  Limonis:    Of  the  2  samples  examined,  1  was  of  poor 
quality,  containing  insufficient  citric  acid. 

Syrupus:  Of  the  25  samples  examined,  17  contained  inaufficient 
sugar. 
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Tinclura  lodi:  Of  the  43  samples  submitted,  only  6  contained  the 
required  amount  of  iodine.  The  percentage  of  pharmacopoeial 
requirement  of  iodine  which  these  samples  respectively  contained 
is  shown  by  the  following  figures  :  — 
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100 
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87 

85 

80 
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70 
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100 

95 

90 

87 

85 

78 
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68 

50 
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Tinctura  Opii:  Of  the  58  samples  examined,  only  15  contained 
the  required  percentage  of  morphine.  The  respective  percentages  of 
morphine  of  these  samples  is  indicated  by  the  following  figures :  — 

2.02         1.33         1.16         1.09         1.03         0.93         0.88         0.45 
1.51  1.27  1.16         1.09         1.03         0.93         0.85         0.18 

1.50         1.27         1.15         1.08         1.02         0.92         0.85 


1.49 

1.25 

1.15 

1.06 

1.00 

0.92 

0.84 

1.49 

1.22 

1.12 

1.06 

0.99 

0.91 

0.76 

1.48 

1.22 

1.12 

1.04 

0.99 

0.91 

0.72 

1.43 

1.21 

1.11 

1.04 

0.97 

0.90 

0.56 

1.37 

1.17 

1.09 

1.03 

0.96 

0.89 

0.51 

Very  many  of  these  samples  did  not  bear  the  red  poison  label  and 
printed  antidote  directions,  as  required  by  statute. 

Unffuentum  Ilydrargyri:  Of  8  samples  examined,  only  1  fulfilled 
the  requirements  of  the  pharmacopoeia.  The  poorest  specimen  con- 
tained about  half  the  requisite  amount  of  mercury. 

Vinum  Album:  Of  5  specimens  examined,  all  were  below  the 
pharmacopoeial  standard,  containing  much  added  sugar. 

Vinum  Rubrum:  Of  the  12  specimens  examined,  all  were  below 
the  standard.  One  specimen  contained  as  much  as  22.5  per  cent, 
of  solids,  chiefly  added  sugar. 

Miscellaneous. 

Of  15  samples  under  this  head,  5  were  of  poor  quality. 

In  this  class  were  included  samples  of  face  lotions,  containing  rose 
water,  oxide  of  zinc,  subcarbonate  of  bismuth,  calomel,  a  trace  of 
lead,  salt,  bay  rum,  prepared  chalk,  tincture  of  benzoin  and  a  trace 
of  corrosive  sublimate. 
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Samples  of  sarsaparilla  extract  were  examined,  with  the  resolt  of 
finding  alcohol  in  the  amount  indicated  in  the  accompanying  table :  — 


COMMSIOIAL  ISAMM  OW  BAMBAyUOLLA  EXTKAOT. 

PwmtflccoT 

AtoDbol 
a»yW«l«M). 

Aver's  Sarsparilla, 

Tnayer'9  Compound  Sarsaparilla, 

Paine's  Celery  Compound,     . 

Hood's  Sarsaparilla, 

Green's  Nervura,    .... 

Allen's  Comix)und  Sarsaparilla, 

Dana's  Sarsaparilla, 

Brown's  Sarsaparilla,     . 

Corbett's  Shaker  Sarsaparilla, 

Radwaj's  Renovating  Resolvent, 

Moxie, 

>        1 

21.00 

17.50 
17.00 
15.25 
14.00 
10.92 
10.92 
10.85 
7.04 
6.86 

*  If  ere  trace. 


The  essential  element  of  '*  Go  to  Sleep  **  was  found  to  be  salphonal. 

A  face  powder  was  found  to  consist  of  com  starch. 

A  so-called  *'  Whiskey  Salt  ^  consisted  of  crude  sodium  carbonate. 

A  cleaning  preparation  called  ^'  Cuticlene  "  consisted  essentially  of 
corn  meal,  soap  and  nitro-benzol. 

A  sample  of  carbon  dioxide  gas,  supplied  in  cylinders  for  sodt 
fountain  use,  was  found  to  contain  1.2  per  cent,  of  air. 


SU>IMART. 

Q«nnlne. 

Adalterated. 

ToUL 

Milk, .... 
Food  not  milk,  . 
Drugs, 

2.764 

2.978 

251 

1,499 
390 
254 

4,2.58 

8,368 

605 

Total,  . 

5.983 

2,143 

8,126 

Respectfully  submitted, 


CHARLES  P.  WORCESTEE. 
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WESTERN  MASSACHUSETTS. 


Comment  has  already  been  made»  in  previous  reports,  upon  the 
superior  quality  of  the  milk  furnished  to  consumers  in  the  western 
counties  of  Massachusetts,  as  compared  with  that  which  is  furnished 
to  the  population  of  the  eastern  part  of  the  State.  Two  conditions 
or  circumstances  probably  explain  this  fact.  These  conditions  are 
very  similar  in  character :  — 

Firsts  the  Density  of  Population,  —  In  the  four  western  counties 
the  mean  density  of  population,  according  to  the  census  of  1895, 
was  but  little  more  than  one-fourth  as  great  as  that  of  the  remainder 
of  the  State,  the  exact  ratio  being  as  116  to  399  (persons  to  the 
square  mile).  Other  things  being  equal,  adulteration  of  milk  is 
more  prevalent  in  densely  settled  than  it  is  in  sparsely  settled  dis- 
tricts. In  densely  settled  districts  the  milk  supply  is  derived  largely 
from  places  at  a  considerable  distance,  and  adulteration  is  more 
common  in  proportion  to  the  distance  of  the  producer  from  the  con- 
sumer, and  also  to  the  time  which  elapses  between  production  and 
consumption.  In  the  cities  and  towns  of  the  western  counties  the 
milk  is  produced  within  a  few  miles  of  the  consumer,  and  is,  there- 
fore, of  better  average  quality. 

Second^  Supply  and  Demand.  —  While  the  conditions  of  supply 
and  demand  are  partially  dependent  upon  seasons  of  the  year,  they 
are  also  closely  connected  with  and  dependent  upon  the  former  con- 
dition,—  the  density  of  population. 

During  the  fourteen  years  which  have  elapsed  since  the  food  and 
drug  acts  went  into  operation,  the  Board  has  extended  to  the  four 
western  counties  its  regular  and  continuous  inspection,  in  like  man- 
ner with  the  eastern  portions  of  the  State ;  and,  while  the  number 
of  samples  of  milk  inspected  from  this  district  has  not  been  so  great 
in  proportion  to  the  population  at  that  of  the  eastern  portion,  it  has 
been  quite  as  great  as  the  relative  prevalence  of  adulteration  in  the 
two  districts  would  seem  to  require. 
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The  folIowiDg  is  the  list  of  cities  and  towns  from  which  sach  sam* 
pies  of  milk  have  been  obtained,  from  1884  to  1896  inclusive  :  — 


Springfield. 

Holyoke. 

Northampton. 

Chicopee. 

Pittsfield. 

North  Adams. 

Adams. 

Greenfield. 

Amherst. 

Palmer. 

West  Springfield. 


Montagae  (Turner's  Falls). 

Ware. 

Westfield. 

j..iee. 

Lenox. 

Orange. 

Shelbume. 

Great  Barrington. 

South  Hadley. 

Deerfield. 


The  whole  number  of  samples,  and  the  number  obtained  in  each 
year,  together  with  the  number  found  to  be  below  the  standard,  are 
indicated  in  the  following  table  :  — 


Tbam. 

SftniplMof 
MUk. 

1 

Number  below 
SUJuUnL 

Tbam. 

Samples  of 
Milk. 

Number  bolow 
Sttuidmrd. 

1884,  . 

1885,  . 

1886,  . 

1887,  . 

1888,  . 

1889,  . 

1890,  . 

1891,  . 

163 
281 
126 
219 
299 
800 
270 
326 

52 

49 
25 
23 
47 
53 
61 
60 

1892, 
1893, 
1894, 
1895, 
1896, 

Totals,      . 

252 

187 
183 
245 
157 

50 
38 
39 
60 
27 

3,008 

584 

The  whole  number  of  samples  was  3,008,  and  of  these  584,  or 
19.4  per  cent.,  were  not  of  standard  quality. 

This  percentage  (19.4)  was  less  than  half  as  great  as  that  of  sam- 
ples taken  in  the  eastern  part  of  the  State  during  the  same  time.  It 
should,  however,  be  stated  that  the  conditions  prevailing  in  the  two 
districts  are  not  exactly  comparable,  since  a  considerable  number  of 
the  adulterated  samples  included  in  the  total  of  those  taken  in  the 
eastern  counties  was  comprised  of  samples  taken  from  suspected 
producers,  and  this  class  of  samples  usually  presents  a  very  high 
ratio  of  adulteration ;  while  the  demand  for  this  line  of  inspection  in 
the  western  counties  has  practically  amounted  to  nothing,  for  the 
reason  that  the  conditions  of  supply  and  demand  have  been  such  as 
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to  present  comparatively  little  inducement  to  fraud  on  the  part  of 
the  producer.  Still,  if  this  class  of  samples  were  to  be  entirely 
eliminated  from  the  comparison,  there  would  still  remain  a  very  de- 
cided difference  in  the  average  quality  of  the  milk  furnished  to  con- 
sumers in  the  two  districts. 

The  total  number  of  prosecutions  of  offenders  against  the  milk 
laws  in  this  district  during  the  period  in  question  was  21,  or  an  aver- 
age of  only  1^  per  year.     Of  this  number,  16  resulted  in  conviction. 
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PEOFESSOR  GOESSMANN'S  REPORT. 


The  whole  number  of  samples  of  milk  collected  in  the  counties 
west  of  Worcester  County  during  the  year  was  157,  and  the  number 
found  below  the  standard  was  27,  or  17.2  per  cent.  This  is  a  lower 
ratio  than  that  of  any  year  since  1888,  but  this  result  is  partly  due 
to  the  change  in  the  standard  in  certain  months,  as  stated  on  a  pre- 
vious page. 

The  following  summary  embraces  the  samples  of  milk  obtained 
during  the  year  in  cities  and  towns  west  of  Worcester  County. 

The  results  of  analyses  were  as  follows  :  — 


Whole  number  examined, 
Number  above  standard,  . 
K  umber  below  standard,   . 
I^ercentage  below  standard. 
Number  samples  skimmed  milk. 


157 

IdO 

27 

17.2 

9 


Chicopee, 


Number  of  samples,  . 
Number  above  standard,  . 
Number  below  standard,   . 
Percentage  below  standard, 
Skimmed  milk,  . 


20 

18 

2 

10.0 

0 


North  Adams, 


Number  of  samples,  . 
Number  above  standard,   . 
Number  below  standard,  . 
Percentage  below  standard. 
Skimmed  milk,  . 


17 

17 

0 

0 

0 


Number  of  samples, . 
Number  above  standard,  . 
Number  below  standard,   . 
Percentage  below  standard. 
Skimmed  milk,  • 


Springfield. 


79 

63 

16 

20.8 

5 
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The  results  in  the  towns  were  as  follows :  — 


TotaL 

Above 
Standard. 

Balow 
Standard. 

Perc^nttsa 

bplow 
Standard. 

Greenfield, 

Westfield,        ..... 

24 
17 

21 
11 

8 

6 

- 

41 

82 

9 

22.0 

CHARLES  A.  GOESSMANN. 
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INTRODUCTION.* 


By  Theobald  Smith,  M.D. 


This  inquiry  was  suggested  by  the  following  important  problems 
bearing  upon  the  restriction  of  diphtheria  :  — 

1.  Is  there  any  difference  in  the  pathogenic  power  of  diphtheria 
bacilli  from  different  localities? 

2.  Is  the  pathogenic  activity  of  bacilli  producing  diphtheria  in 
the  summer  season  different  from  that  of  those  producing  disease  in 
winter? 

3.  Is  there  any  reduction  in  the  pathogenic  power  of  bacilli  in 
cases  in  which  they  persist  in  the  throat  after  recovery? 

4.  Are  there  any  differences  noticeable  between  the  bacilli  of 
mild  and  those  of  severe  cases? 

The  third  and  the  fourth  questions  have  been  attacked  by  other 
observers,  while  the  first  and  the  second  have  not  been  especially 
investigated.  The  answers  to  the  third  and  the  fourth  questions 
have  been,  as  a  rule,  negative.  Observers  have  found  little  or  no 
difference  in  bacilli  from  mild  and  severe  cases,  nor  have  they  been 
able  to  show  any  recognizable  loss  of  virulence  in  the  bacilli  per- 
sisting in  the  throat  after  recovery. 

The  reasons  for  entering  upon  this  subject  again  were  the  oppor- 
tunity we  have  had  of  examining  cultures  from  different  towns  within 
the  State,  and  more  especially  certain  improved  methods  of  cultiva- 
tion by  which  the  maximum  toxin-producing  capacity  of  each  bacillus 
could  be  brought  out  and  measured  more  accurately  than  had  been 
done  heretofore. 

The  selection  of  cultures  for  the  study  of  the  questions  stated 
above  has  not  been  entirely  satisfactory,  mainly  because  much  of  the 
clinical  information  necessary  to  a  proper  choice  was  not  accessible 

*  The  writer  wishes  to  acknowledge  the  faithful  assistance  of  J.  R.  Stewart,  to  whom  the 
preparation  of  the  caltare  media  was  chiefly  entrusted.  As  will  be  seen  ttom  what  follows,  thii 
.s  not  a  simple  task. 


650  STATE   BOARD   OF  HEALTH.  [Pub,  Doc. 

at  the  time  the  cultures  were  received,  and  in  some  instances  obtain- 
able only  with  difficulty  at  the  last  moment  when  the  final  results 
were  tabulated.  We  hope,  however,  that  the  material  at  hand  may 
be  supplemented  by  more  in  the  near  future. 

The  Mode  op  Action  of  Diphtheria  Bacilli. 

It  is  now  a  genenilly  accepted  theory  that  diphtheria  bacilli  act  in 
the  main  through  the  toxins  which  they  produce,  and  which  are 
rapidly  difi\ised  into  the  fluids  containing  the  vegetating  bacilli. 
The  cgntents  of  the  bacilli  themselves  seem  to  be  of  little  moment 
as  pathogenic  factors.  Park  and  Williams  *  allowed  the  washed 
diphtheria  bacilli  to  soak  for  a  week  <^in  a  0.5  per  cent,  alkaline 
carbolic  solution.**  The  injection  of  one  cubic  centimeter  did  not 
<<  produce  any  marked  reaction  in  a  500-gramme  guinea-pig,** 
although  the  bacilli  themselves  were  powerful  toxin-prodacers. 
Kossel  t  collected  the  bacillar  membranes  from  cultures,  washed 
the  bacilli  repeatedly  by  centrifugalizing  with  0.5  per  cent,  sodium 
chloride;  then,  after  killing  them  with  vapors  of  chloroform,  he  ex- 
tracted them  for  several  days  in  a  few  cubic  centimeters  of  weakly 
alkaline  fluids.  The  extract  was  only  feebly  poisonous,  for  it  re- 
quired 5  cubic  centimeters  to  kill  a  360-gramme  guinea-pig  in  forty- 
eight  hours. 

Brieger  and  Boer^  found  that  shaking  diphtheria  bacilli  with 
ammonium  chloride  and  allowing  them  to  stand  for  eighteen  to 
twenty  hours  removes  the  toxin  from  the  bodies  of  the  bacilli.  The 
bacilli  after  extraction  were  fatal  to  a  500-gramme  guinea-pig,  in 
doses  of  0.01  gramme  of  bacillar  substance.  They  acted  by  pro- 
ducing local  necrosis.  Brieger  states  that  antitoxin  had  no  effect 
upon  this  action  of  the  dead  bacilli,  and  that  immunization  towards 
it  by  gradually  increasing  doses  failed.  The  poison  itself  withstood 
an  hour's  boiling. 

These  experimental  observations,  taken  together,  show  that  the 
toxin  in  the  culture  fluid  and  not  the  body  substance  of  the  bacilli 
themselves  is  to  he  looked  upon  as  the  disease  agent.  The  success 
following  the  prompt  application  of  antitoxin  in  sufficient  doses  is  an 
additional  support  to  this  view.  Moreover,  the  bacilli  themselves 
do  not  penetrate  into  the  body  in  large  numbers,  hence  need  not  be 
specially  considered  as  adding  to  the  toxic  effect  of  their  products. 

•  <*  Joarnal  of  Exp.  Med./*  I.,  pajre  174.       f  **  Centralblatt  f.  Bakteriologie,'*  XIX.,  i>age  977. 
X  **  Deutsche  Med.  Wochenschrift,"  1896. 
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We  may,  for  convenience,  regard  the  disease-producing  power  of 
diphtheria  bacilli  as  made  up  of  two  elements,  —  toxicity  and  viru- 
lence. The  former  represents  the  rate  of  accumulation  of  toxin  in 
culture  fluids,  and  is  easily  measured ;  the  virulence,  on  the  other 
hand,  which  may  be  regarded  as  the  behavior  of  diphtheria  bacilli 
toward  living  tissue,  is  as  yet  an  unknown  quantity.  This  distinc- 
tion between  the  toxic  product  of  diphtheria  bacilli  and  their  inher- 
ent vital  power  to  cope  with  living  tissue  seems  to  be  established,  at 
least  experimentally,  by  the  increase  in  virulence  of  diphtheria 
bacilli  in  their  passage  through  a  series  of  guinea-pigs,  which  has 
been  reported  by  various  observers.  Thus,  Aronson  *  states  that  a 
culture  which  was  at  first  fatal  to  guinea-pigs  of  medium  weight,  in 
0.1  cubic  centimeter  doses,  was  fatal,  after  some  serial  inoculations, 
in  doses  of  0.008  cubic  centimeter.  That  is  to  say,  its  virulence 
was  augmented  twelve  times.  This  experiment  evidently  means  not 
that  the  toxin  formed  in  the  sub-cutis  of  guinea-pigs  became  twelve 
times  stronger  in  quality  at  the  end  of  the  series,  but  that  the  bacilli 
injected  were  capable,  by  an  adaptation  of  some  sort,  to  multiply 
much  more  abundantly  toward  the  end  of  the  series,  and  hence  pro- 
duce more  toxin.  The  other  explanation,  that  the  toxin  itself  had 
become  more  potent  in  quality,  could  only  gain  confidence  if  the 
bouillon  culture  produced  much  more  toxin  at  the  end  of  the  experi- 
ment than  at  the  beginning,  the  conditions  remaining  precisely  the 
same. 

To  compare  the  disease-producing  power  of  diphtheria  bacilli 
from  dififerent  sources,  it  was,  therefore,  thought  best  to  study  the 
relative  accumulation  of  toxin  in  bouillon,  and  eliminate  the  bacilli 
by  filtration  before  the  test  upon  animals.  The  writer  is  fully  aware 
of  the  fact  that  but  an  instrument  of  pathogenic  power  is  here  dealt 
with,  and  under  artificial  conditions,  since  we  do  not  know  the 
nature  of  the  nutritive  fluid  which  the  bacilli  make  use  of  on  mucous 
membranes,  nor,  as  a  consequence,  whether  the  toxin  production  in 
bouillon  is  a  true  index  of  the  production  of  toxin  on  mucous  mem- 
branes. The  problem  is,  in  fact,  very  complex,  as  with  all  infectious 
diseases,  and  all  we  can  hope  to  do  at  a  time  is  to  examine  one  factor 
of  disease  as  carefully  as  possible,  while  eliminating  all  the  others 
for  the  time  being.  The  use  of  living  cultures  upon  animals  is  of  no 
service  in  these  experiments,  because  it  introduces  at  once  three 
variable  factors:    (1)  the  bacilli  as  potential  toxin-producers  after 

•  **  Berl.  Klin.  Wochenfchr.,"  1893,  No«.  26  and  26. 
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injection  ;  (2)  the  poison  of  their  bodies  after  destruction  ;  and  (3) 
the  toxin  pre-formed  in  the  culture  fluid  injected.  As  a  consequenoe, 
all  who  have  used  cultures  find  them  uncertain  in  their  action,  as 
compared  with  the  toxin  alone.  The  bacilli  injected  as  nearly  free 
from  fluid  as  possible  are  equally  unreliable  as  measures  of  toxicity, 
as  the  following  tests  show  :  — 

Two  cultures  of  diphtheria  bacilli  are  selected,  which  differ  con- 
siderably in  toxin-producing  power,  as  is  shown  in  Table  I.,  where 
the  toxin-producing  power  of  one  (No.  14)  is  about  three  times  that 
of  the  other  (No.  40).  Inclined  agar  cultures  are  prepared  from 
each,  and  after  six  days'  growth  the  bacilli  are  removed  with  a  plat- 
inum wire,  the  amount  of  moist  bacilli  weighed  and  stirred  in  5 
cubic  centimeters  sterile  bouillon,  making  a  moderately  cloudy  sus- 
pension. One  cubic  centimeter  contained  by  weight  about  0.0007 
grammes  of  moist  bacilli. 

Bacillus  No.  14,  —  Five-tenths  cubic  centimeter  of  the  suspension,  injected 
subcutaneoQsly  into  a  guinea-pig  weighing  313  grammes,  is  fatal  in  five 
days  ;  1  cubic  centimeter  is  fatal  to  a  330-gramme  pig  in  six  days. 

Bacillus  No.  40,  — Of  the  suspension  made  in  the  way  described,  1  cnbic 
centimeter  is  injected  into  a  guinea-pig  weighing  315  grammes.  Animal 
just  escapes  death,  and  is  chloroformed  on  the  sixth  day.  Another,  weigh- 
ing 330  grammes,  receives  0.5  cubic  centimeter.  A  slough  forms  at  the 
place  of  injection.     The  guinea-pig  remains  in  fair  condition. 

Though  the.se  tests  show  a  greater  activity  on  the  part  of  Bacillus 
No.  14,  yet  we  miss  here  not  only  the  sharp  definition  in  the  results 
obtained  by  varying  the  dose  of  the  same  culture,  but  also  in  com- 
paring the  eflfect  of  the  same  doses  of  cultures  from  different  sources. 

A  prolonged  study  of  the  relative  production  of  toxin  in  bouillon 
under  certain  uniform  conditions  has  shown  such  remarkably  uniform 
results  with  the  same  culture,  even  after  long  intervals  of  time,  that 
the  results  obtained  in  this  way  may  be  accepted  as  showing  an 
inherent  diflerence  in  the  various  bacilli  studied. 

The  Method  employed  in  comparing  the   Toxin  Production 

OF  Different  Cultures. 

In  a  former  publication*  the  writer  has  given  the  conditions  which 
must  be  fulfilled  in  order  that  a  maximum  accumulation  of  toxin  may 
take  place   in  bouillon  cultures.     The  facts   there   considered  and 

*  *'  Trans.  A»tK>ciation  American  Physicians,"  for  1896. 
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others  since  then  brought  out  may  be  very  briefly  reviewed  here.  In 
1895  Spronek  *  called  attention  to  the  fact  that  the  variable  amount 
of  sugar  present  in  beef  was  responsible  for  the  great  fluctuations 
observed  in  the  toxicity  of  diphtheria  cultures.  The  writer  had  ob- 
served this  independently  of  Spronek,  by  studying  the  relation  be- 
tween the  amount  of  toxin  in  cultures  and  the  amount  of  sugar  as 
determined  by  the  fermentation  test.  Sugar  is  present  in  all  beef, 
but  in  perhaps  10  per  cent,  the  amount  is  very  small.  In  bouillon 
made  from  such  beef  the  writer  obtained  very  strong  toxin.  In 
bouillon  from  beef  containing  over  0.1  per  cent,  sugar  the  toxin  was 
very  feeble. 

The  cause  for  this  difference  lies  in  the  acid  or  acids  formed  from 
the  dextrose  by  the  diphtheria  bacillus,  which  inhibit  the  multiplica- 
tion in  a  direct  ratio  to  the  amount  formed.  In  sufficient  quantity 
the  growth  may  be  entiiely  checked,  and  finally ,  when  the  acidity 
has  reached  a  certain  degree,  the  bacilli  and  the  toxin  are  destroyed. 
Whether  there  are  other  causes  at  work  besides  mere  inhibition  of 
multiplication  remains  undetermined. 

A  small  amount  of  dextrose,  up  to  0.05  per  cent.,  is  not  inimical 
to  toxin  production  ;  in  fact,  it  seems  to  be  more  favorable  than  none 
at  all,  probably  because  a  certain  minimum  amount  is  necessary  for 
the  cell  life  of  the  diphtheria  bacilli.  Bearing  these  facts  in  mind, 
we  are  better  able  to  comprehend  the  various  changes  going  on  in 
cultures.  The  life  of  the  culture  begins  with  a  rapid  multiplication 
of  the  bacilli  introduced  and  the  formation  of  a  surface  membrane 
usually  within  twenty-four  hours.  At  the  same  time,  any  sugar 
present  is  acted  upon  at  once,  with  the  result  that  the  reaction  be- 
comes more  acid.  If  the  acidity  increases  beyond  2  per  cent,  of  a 
normal  acid  solution, -f  the  culture  is  likely  to  become  languid,  the 
surface  membrane  rifted  and  settle  to  the  bottom.  Some  bacilli,  by 
a  vigorous  surface  growth  which  probably  oxidizes  the  acid  products 
formed,  may  subdue  a  larger  amount  of  acid,  even  to  3.5  per  cent., 
and  cause  a  rapid  return  towards  the  alkaline  level.  The  toxin  ap- 
pears in  greatest  concentration  when  the  alkaline  level  has  been 
reached,  usually  within  eight  to  twelve  days  when  sugar  is  present 
in  small  amount  only.  When  sugar  is  more  abundant  the  acid 
period  is  prolonged,  during  which  little  growth  is  evident.     After 


•  "  Annal.  de  I'lnstltut  Pasteur,"  1895,  page  758. 

t  /.  e.,  each  100  cubic  centimeters  of  the  culture  fluid  requires  2  cubic  centimeters  of  a  nor- 
mal solution  of  alkali  to  bring  the  whole  to  the  neutral  point  at  determined  by  pbenolpbt 
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several  ^weeks  a  slow  alkalizing  tendency  brings  the  culture  to  a 
more  vigorous  growth  and  to  an  alkaline  reaction,  but  without  much 
accumulation  of  toxin. 

Without  going  into  more  detail  on  this  subject,  we  may  summarize 
the  conditions  under  which  diphtheria  bacilli  produce  maximum 
amounts  of  toxin  in  the  ordinary  1  per  cent.  (Witte)  peptone 
bouillon  as  follows  :  — 

1.  Muscle  sugar  in  the  fluid  from  0  to  0.05  per  cent. 

2.  Initial  reaction  from  0.8  to  1.5  per  cent,  normal  acid,  the 
lower  figure  pertaining  to  bouillon  containing  the  largest  amount  oi 
sugar,  the  higher  to  bouillon  containing]:  none. 

3.  A  thin  layer  of  bouillon  freely  exposed  to  the  air  through  one 
or  more  cotton-plugged  openings  in  the  vessel,  and  quiescent  be- 
cause the  surface  membrane  which  forms  within  twenty-four  hours 
must  not  be  disturbed. 

4.  The  accumulation  of  toxin  should  be  permitted  to  go  on  until 
the  growth  is  checked  by  the  alkaline  reaction.  This  appears  in 
from  eight  to  twelve  days,  according  to  the  initial  reaction  and 
amount  of  sugar  [)resent,  and  the  growth  ceases  when  the  reaction 
is  equivalent  to  0.2  to  0.3  per  cent,  normal  alkali. 

The  main  difBculty  before  us,,  therefore,  is  to  get  beef  containing 
only  traces  of  dextrose.  The  writer's  original  plan,  to  select  the 
bouillon  in  accordance  with  the  fermentation  test,  is  not  feasible, 
because  so  little  can  be  used.  Spronck's  suggestion,  to  allow  the 
beef  to  lie  for  several  days,  in  order  that  a  partial  decomposition  by 
bacteria  may  transform  the  sugar,  is  better,  but  suffers  from  certain 
difficulties.  The  kind  of  bacteria  cannot  be  controlled,  and  fre- 
quently the  sugar  is  found  but  partially  removed.  Latterly,  the 
writer  has  given  up  this  method  for  one  more  rapid  and  certain  in 
its  action.  The  beef  infusion  is  prepared  either  by  extracting  the 
chopped  beef  at  60°  C.  for  several  hours,  or  over  night  in  the  re- 
frigerator. After  removal  of  the  beef  the  infusion  is  inoculated  with 
a  culture  of  some  bacterium  which  rapidly  acts  upon  dextrose,  and 
placed  in  the  thermostat  over  night.  The  writer  has  tried  only  B. 
coli,  and  found  a  complete  transformation  of  carbohydrates  taking 
place  over  night. 

In  the  case  of  bouillon  designed  for  diphtheria  toxin  the  incuba- 
tion should  be  as  short  as  possible,  so  as  to  leave  a  trace  of  sugar  in 
the  fluid.  This  can  be  accomplished  by  placing  the  inoculated  in- 
fusion in  the  thermostat  at  10  p.m.  and  removing  early  next  mom- 


No.  34.]  DIPHTHERIA  BACILLI.  655 

ing  (8  A.M.).  The  infusion  is  then  made  up  in  the  usual  way,  with 
1  per  cent,  peptone,  i  per  cent,  sodium  chloride.  The  final  reaction 
should  range,  according  to  the  amount  of  sugar  left  as  stated  above, 
between  0.8  and  1.5  per  cent,  normal  acid,  phenolphthallein  being 
used  as  indicator.  It  can  easily  bo  brought  to  any  desired  point  by 
adding  from  sterile  solutions  the  calculated  amount  of  normal  acid 
or  alkali  (HCL  or  NaHO).  The  whole  procedure  is  very  simple 
after  it  has  been  put  into  routine  practice.  At  any  rate,  the  bac- 
teriologist must  make  up  his  mind  to  give  up  the  early  slovenly 
methods  of  preparing  culture  media,  or  else  be  prepared  for  constant 
reverses  and  failures. 

The  bouillon  must  be  sterilized  finally  in  the  autoclave,  since  the 
ordinary  steaming  frequently  fails  to  destroy  certain  spore-bearing 
anaerobes,  which  begin  to  multiply  after  the  diphtheria  bacilli  have 
formed  a  membrane  and  deoxidized  the  culture  medium.  These 
anaerobes  inhibit  the  production  of  toxin.* 

Park  and  Williams  claim  f  that  the  amount  of  dextrose  in  beef 
purchased  in  New  York  City  is  not  sufficient  to  interfere  with  the 
maximum  accumulation  of  toxin  if  the  culture  be  made  sufficiently 
alkaline  to  begin  with.  This  claim  I  cannot  support  by  my  ex- 
perience with  beef  bought  in  the  Boston  markets.  It  may  be  that 
these  authors  had  under  observation  bacilli  which  had  acquired, 
through  surface  cultivation,  a  greater  power  to  promptly  oxidize 
acid  products.  This  power  is  not  possessed,  as  a  rule,  by  bacilli 
recently  isolated  from  the  throat,  with  which  this  article  deals. 

A  number  of  observers  have  published  studies  of  the  relative  viru- 
lence of  diphtheria  bacilli  from  various  sources,  and  those  persisting 
in  the  throat  after  recovery  for  a  variable  length  of  time.  It  is  not 
the  object  of  this  article  to  re-examine  these  writings  and  review  the 
results  obtained.  For  a  summary  of  the  literature  the  reader  is  re- 
ferred to  the  article  by  J.  H.  Wright  in  the  **  Boston  Medical  and 
Surgical  Journal,"  Vol.  131  (1894),  page  329,  and  ''Scientific 
Bulletin"  Xo.  1  of  the  health  department,  city  of  New  York  (1895). 
A  perusal  of  the  various  articles  will  show  that  the  method  of  testing 
the  virulence  of  the  diphtheria  bacilli  was  not  adapted  to  give  uniform 
or  quantitative  results.     Thus,  Park  and  Beebe,  on  page  23  of  the 


*  Since  writing  this,  it  has  been  observed  that  high  temperatures  in  the  autoclave  may  modify 
the  bouillon  in  such  a  manner  that  only  little  toxin  is  formed  subsequently.  This  matter  is  now 
under  investigation. 

t  "  Journal  of  Experimental  Medicine,"  I.  (1896),  page  164. 
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balletin  referred  to,  recommend  alkaline  glucose  bouillon  as  a  cult- 
ure medium,  and  the  injection  of  cultures  forty-eight  hours  old. 
Wright  used  sugar  bouillon  very  largely.  From  what  we  now  know 
of  the  inhibitory  and  destructive  action  of  the  acids  formed  from 
dextrose  by  diphtheria  bacilli,  the  use  of  more  than  0.1  per  cent, 
dextrose  in  bouillon  must  be  considered  as  at  least  unsafe.  How- 
ever, the  authors  followed  general  usage  at  that  time,  for  even 
Escherich,  in  his  work  on  diphtheria  issued  in  1894  (page  91), 
states  that  dextrose  is  not  decomposed  in  appreciable  manner  by 
diphtheria  bacilli,  and  therefore  has  no  influence  on  growth. 

Authors  have  not,  so  far  as  the  writer  knows,  reported  comparative 
tests  of  toxin  production  under  conditions  as  nearly  uniform  as 
possible.  It  was  mainly  to  fill  this  gap,  if  possible,  that  the  series 
of  cultures  to  be  described  were  subjected  to  a  comparative  exami- 
nation from  the  point  of  view  of  toxin  production.  Table  I.  gives  a 
condensed  account  of  the  work  done  upon  which  the  calculation  of 
toxin  production  rests.  In  this  table  will  he  found  :  (1)  the  amount 
of  acid  produced  in  dextrose  bouillon;  (2)  the  condition  of  the 
bouillon  used  for  the  cultures;  and  (3)  the  test  of  the  filtrate  on 
guinea-pigs.  The  acid  production  will  be  dealt  with  farther  on. 
The  facts  relative  to  the  bouillon  used  need  some  explanation. 

The  beef  used  for  bouillon,  with  one  exception,  was  allowed  to 
decompose  according  to  SpronckV  suggestion,  but  the  results  were 
not  uniform,  as  stated  above.  In  some  of  the  bouillon  the  dextrose 
was  absent,  in  some  present  in  traces,  in  some  in  more  appreciable 
amount,  according  to  tests  made  with  the  fermentation  tube  and  B. 
coli.  In  none  was  it  present  in  the  amount  usually  found  in  bouillon 
made  from  fresh  beef.  It  is  not  probable  that  this  slight  fluctuation 
in  the  amount  of  dextrose  had  any  appreciable  influence  on  the  cult- 
ure. Where  a  doubtful  result  was  obtained  it  was  usually  supple- 
mented later  on  with  a  second  test. 

The  question  might  be  asked,  Why  not  use  the  same  bouillon  for 
all  bacilli  studied,  in  place  of  the  many  lots  actually  employed? 
This  would  seem  the  simplest  procedure,  provided  the  bouillon  did 
not  chancre  with  time  under  the  influence  of  light  and  air.  A  dimi- 
nution in  the  amount  of  toxin  produced  in  bouillon  which  had  been 
standing  for  some  time  in  a  closet  not  absolutely  dark  had  been  cas- 
ually observed.  It  is  probable  that  bouillon  in  vacuo  and  kept  in  a 
dark  place  might  meet  the  conditions  of  the  problem,  but  bouillon 
kept  under  ordinary  conditions  would  not.     Further  investigations 
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are  now  in   progress   to  determine  more  precisely  the  degree  of 
change  produced  in  bouillon  by  age. 

It  might  be  claimed  that  different  bacilli  isolated  from  the  throat 
would  have  different  rates  of  growth  in  bouillon,  and  that  the  ac- 
cumulation of  toxin  was  simply  a  factor  of  the  rate  of  multiplication, 
rather  than  of  any  inherent  differences  in  the  physiology  of  the 
bacilli.  To  answer  this  claim  a  determination  of  the  number  of 
diphtheria  bacilli  in  cultures  is  not  trustworthy,  for  the  reason  that 
diphtheria  bacilli  clump  together,  and  the  number  of  colonies  in 
plate  cultures  may  not  indicate  the  number  of  bacilli  used  in  prepar- 
ing the  plate.  Again,  bacilli  may  die  in  the  course  of  growth,  and 
others  take  their  places.  The  writer  has  therefore  endeavored  to 
estimate  the  vigor  of  growth  by  the  amount  of  change  in  the  reaction 
produced.  Cultures  which  in  a  given  time  in  the  same  bouillon 
produce  nearly  the  same  amount  of  alkali  may  be  regarded  as  hav- 
ing performed  the  same  amount  of  work  and  grown  with  equal  vigor. 
The  uniformity  of  reaction  in  the  various  groups  of  bacilli  studied 
together,  after  ten  or  twelve  days,  was  such  as  to  leave  little  doubt 
that  the  growth  had  been  equally  vigorous.  When  any  culture 
lagged  perceptibly  behind,  it  was  usually  repeated  with  other 
bouillon. 

The  extent  of  the  alkali  production  varies  with  the  initial  reaction 
of  the  bouillon  and  the  presence  of  dextrose.  Cultures  containing 
the  latter  became  at  first  more  acid  before  swiugiufl:  back  to  alkalin- 
ity.  In  Table  I.,  therefore,  it  was  deemed  best  to  give  both  the 
initial  reaction  of  the  bouillon,  the  approximate  amount  of  dextrose 
and  the  final  reaction.  Some  idea  may  thus  be  gained  of  the  ampli- 
tude of  change  which  the  fluid  underwent  during  the  period  of 
growth  permitted. 

The  culture  vessel  used  at  first  was  a  large  test  tube  placed  in  an 
inclined  position  after  inoculation.  This  was  soon  given  up  for  the 
Erlenmeyer  flask,  in  which  the  depth  of  the  bouillon  was  about  1.5 
centimeters. 

The  toxin  formed  after  ten  to  twelve  days  was  tested  upon  guinea- 
pigs.  The  fluid  was  passed  through  filter  paper  until  clear,  then 
diluted  with  sterile  salt  solution,  so  that  the  quantity  of  toxin  in- 
jected was  contained  in  1  cubic  centimeter.  Usually  0.1  cubic  centi- 
meter of  toxin  was  injected.  The  place  of  injection  chosen  was  the 
left  side  of  the  abdomen.  Great  care  was  exercised  to  deposit  the 
fluid  in  the  subcutis,  and  not  to  prick  the  muscles  of  the  abdominal 
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wall.  A  vascular  iujectron  of  the  omentum  or  peritoneum  is  usually 
a  result  of  the  introduction  of  some  of  the  fluid  into  the  abdomen. 
When  such  reddening  was  noted  at  the  autopsy,  the  test  was  repeated 
u|)on  another  animal,  since  death  is  hastened  somewhat  when  this 
occurs.  Guinea-pigs  weighing  between  300  and  350  grammes  were 
used  whenever  possible.  When  larger  ones  had  to  be  used,  the  in- 
crease in  weight  was  duly  taken  into  account. 

From  the  results  of  such  inoculations  the  minimum  fatal  dose  upon 
a  guinea-pig  weighing  300  grammes  was  calculated.  The  calculation 
when  such  had  to  lie  made  was  based  upon  the  fact  that  the  minimum 
fatal  dose  usually  kills  a  guinea-pig  in  from  three  and  one-half  to  six 
days.  If  X  represents  this  dose,  then  a  guinea-pig  which  succumbed 
in  two  and  one-half  days,  or  sixty  hours,  received  ^-^,  and  one  which 
succumbed  in  thirty -six  hours,  ^2-.  Guinea-pigs  of  greater  weight  do 
not  necessarily  bear  an  exact  equivalent  increase  of  toxin,  but  usually 
somewhat  less.  In  general,  it  may  be  said  that  the  values  given  as 
the  minimum  fatal  doses  may  err  within  10  per  cent.,  owing  to  various 
factors  which  cannot  be  controlled.  Among  these  is  a  slight  variation 
among  guinea-pigs  in  their  tolemnce  of  the  virus,  the  darker  (black, 
or  black  and  red)  animals  being  able  to  stand  about  10  per  cent, 
more  toxin  than  the  white  animals.  Even  if  we  allow  a  variation  of 
10  per  cent,  in  the  values  given  in  Table  I.,  the  general  outcome  of 
the  comparative  study  is  not  made  in  any  sense  untrustworthy. 
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Comparative  Study  op  Forty-two  Cultures  op  Diph- 
theria Bacilli  and  op  Four  Cultures  op  Pseudo- 
Diphtheria  Bacilli  from  Dippbrent  Localities  in 
Massachusetts. 


By  Theobald  Smith  and  E.  L.  Walker. 


Morphology. 


The  following  description  of  the  morphology  and  the  staining 
peculiarities  of  the  bacilli  studied  is  based  on  microscopic  prep- 
arations from  cultures  of  twenty-four  hours'  growth  at  35°  to  37® 
C.  on  Loffler's  blood-serum  mixture,  uniformly  fixed  and  stained. 
The  cover-slip  preparations  were  dried  in  open  air  at  room  temper- 
ature, fixed  by  heating  twenty  minutes  in  a  dry-air  sterilizer  at  the 
temperature  of  120°  C,  and  stained  eight  minutes  with  LOffler's 
alkaline  methylene  blue  solution.  It  may  be  remarked,  however, 
that  experiment  shows  that  the  method  of  fixation  has  little  if  any 
effect  on  the  outline  of  the  bacillus  or  upon  the  aggregation  of  its 
chromatin,  and  consequently  upon  the  irregularity  of  its  staining. 

In  length  the  diphtheria  bacilli  vary  from  1.5//  to  13;/,  and  for 
the  purpose  of  description  it  is  convenient  to  distinguish  three 
groups :  short  bacilli,  including  all  bacilli  under  2  //  in  length ; 
bacilli  of  medium  length,  including  all  bacilli  between  2  //  and  4.5  ^  ; 
and  long  bacilli,  including  all  bacilli  over  4.5  //  in  length.  Bacilli 
in  culture  No.  33  are  rather  remarkableefor  their  length,  averaging 
7.5  //  to  10  //,  while  a  few  were  found  as  long  as  13  //. 

It  may  be  said  of  diphtheria  bacilli  in  general  that  there  appears 
to  be  a  tendency  for  the  shorter  bacilli  to  become  swollen  at  the 
middle  and  for  the  long  bacilli  to  become  swollen  at  the  ends ;  and 
that  the  short  bacilli  are  usually  straight,  while  the  long  bacilli  are 
usually  curved  or  bent  at  an  obtuse  angle. 

Comparison  on  the  basis  of  length,  outline  and  manner  of  stain- 
ing allows  the  bacilli  of  the  forty-two  virulent  cultures  to  be  divided 
into  three  types,  of  which  the  following  description  may  be  given  :  — 
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Type  L — Bacilli  of  medium  length,  straight,  cylindrical  or 
slightly  swollen  in  the  middle,  with  blunt  ends,  and  with  intensely 
stained  granules  in  an  otherwise  uniformly  but  less  deeply  stained 
cell.  In  the  shorter  bacilli  of  this  type  these  granules  are  usually 
situated  at  the  ends  of  the  rod,  one  at  each  end ;  but  in  the  longer 
bacilli  there  may  be,  in  addition  to  these  polar  granules,  one  or 
more  interpolar  granules.  These  deeply  stained  bodies  are  usually 
of  less  diameter  than  the  thickness  of  the  bacillus,  but  may  be  of 
greater  diameter,  swelling  the  bacillus  at  the  points  where  they  are 
situated. 

Type  II.  —  Bacilli  long,  slender,  curved,  more  or  less  swollen  at 
one  or  both  ends,  and  with  alternating  stained  and  unstained  (or 
faintly  stained)  cross-segments. 

Type  III.  —  This  includes  seven  of  the  forty-two  cultures.  Bacilli 
are  of  various  lengths,  swollen  in  the  middle,  with  tapering  ends,  and 
with  broad,  unstained  terminal  and  intermediate  segments.  These 
unstained  terminal  segments  may  be  so  extensive  that  a  body  simu- 
lating a  nucleus  in  the  middle  of  the  cell  is  the  only  stained  portion. 
More  often  the  cell  may  consist  of  two  stained  and  three  unstained 
cross-bands.  The  staining  of  this  type  difters  from  that  of  Type  II., 
in  that  the  alternating  segments  of  Type  II.  are  narrow  and  numer- 
ous and  the  terminal  ones  are  always  stained. 

Modifications  of  these  types  and  intermediate  forms  occur  even 
among  bacilli  of  the  same  culture,  but  in  nearly  every  case  one  form 
predominates  sufficiently  to  allow  the  culture  to  be  ranged  under  one 
of  these  three  types.  In  the  routine  work  of  bacteriological  diag- 
nosis of  diphtheria,  as  carried  on  under  the  direction  of  the  State 
Board  of  Health,  Type  I.  and  its  modifications  are  found  in  about  90 
per  cent,  of  the  positive  cases  and  bacilli  of  Type  II.  make  up  the 
greater  part  of  the  other  10  per  cent.  Bacilli  of  Type  IH.  are  very 
infrequently  found.  This  classification  holds  good  for  young  cultures 
on  Li'ilHer's  serum  mixture  only. 

Bacilli  belonging  to  these  three  types  have  so  far  proved  virulent 
to  guinea-pigs  when  tested  according  to  the  methods  given  in  another 
part  of  the  text.  But  besides  these  a  certain  number  of  bacilli  (Nos. 
3,  4,  39  and  44  of  the  tables)  have  been  isolated  which  are  non- 
pathogenic, and  which  belong  to  the  class  of  pseudo-diphtheria 
bacilli  described  farther  on. 
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Toxin-producing  Power. 

The  toxicity  of  the  culture  fluid  of  the  forty-six  cultures  after  an 
incubation  at  35^  C.  for  ten  to  twelve  days  ranged  as  follows,  the 
300-gramme  guinea-pig  being  the  basis  of  the  computations :  — 

Cable 
Ctntlmeten. 

In  one  the  minimum  fatal  dose  is 036-.04 

In  one  the  minimum  fatal  dose  is 045 

In  five  the  minimum  fatal  dose  is 050 

In  five  the  minimum  fatal  dose  is 060 

In  four  the  minimum  fatal  dose  is 070 

In  four  the  minimum  fatal  dose  is 075 

In  eleven  the  minimum  fatal  dose  is 080 

In  two  the  minimum  fatal  dose  is 090 

In  four  the  minimum  fatal  dose  is 100 

In  five  the  minium  fatal  dose  is 120 

In  four  no  toxin  was  formed. 

Leaving  aside  for  the  moment  the  non-pathogenic  forms,  we  notice 
in  this  summary,  first  of  all,  a  considerable  uniformity  in  the  toxin- 
producing  power.  It  is  true  the  strongest  toxin  producer  accumulates 
three  times  as  much  toxin  as  the  weakest,  but  only  one  of  such 
strength  was  found.  It  will  be  noticed  also  that  the  greater  number 
of  bacilli  studied  produce  an  0.08  cubic  centimeter  toxin.  If  we 
group  the  cultures  as  follows,  — 

Cultaret. 

.036 -.06  cubic  centimeter  toxins, 12 

.070-. 09  cubic  centimeter  toxins, 21 

.100-.  12  cubic  centimeter  toxins, 9 

the  predominance  of  the  middle  group  is  better  brought  out. 

Cultures  of  much  greater  toxin-producing  power  have  been  isolated 
by  Park  and  Williams.  Of  these,  the  minimum  fatal  dose  is  re- 
ported to  range  from  0.002  to  0.01  cubic  centimeter.  It  is  not  stated 
whether  these  cultures  produced  this  amount  of  toxin  at  the  outset, 
or  after  periods  of  artificial  cultivation. 

By  comparing  these  figures  with  the  results  of  earlier  observers, 
the  greater  eflSciency  of  the  method  described  appears  in  striking 
relief.  Experimenters  when  first  preparing  antitoxin  had  some  dif- 
ficulty in  finding  bacilli  whose  toxin  would  yield  a  minimum  fatal 
dose  of  0.08  to  0.1  cubic  centimeter.  In  the  series  here  recorded 
only  five  out  of  forty-two  fell  below  this  mark. 

Although  the  clinical  records  of  the  cases  from  which  the  bacilli 
came  are  very  meagre,  they  suffice  to  show  that  any  direct  relation 
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between  toxin  production  and  severity  of  the  disease  is  not  obvious. 
This  has  been  the  inference  of  observers  before  us  (Wright,  Park 
and  very  recently  TimascheW  *),  and  we  are  able  to  confirm  it  after 
the  application  of  more  uniform  and  exact  methods.  This  is  what 
might  be  expected  when  we  contemplate  the  complex  nature  of  the 
disease  process,  the  many  factors  which  may  enter  into  it,  both  on 
the  part  of  the  patient  and  the  invading  bacilli.  There  is  one  factor, 
for  instance,  which  may  modify  the  course  of  the  disease,  and  there- 
fore make  any  present-day  estimates  untrustworthy,  —  namely,  anti- 
toxin. If  applied  early  enough,  it  may  convert  a  potentially  serious 
case  into  a  mild  one,  in  spite  of  a  virulent  organism.  Antitoxin  was 
used  in  nearly  every  case  from  which  bacilli  were  studied,  but  the 
time  of  administration  and  the  number  of  units  injected  were  not 
reported  excepting  in  a  few  cases,  so  that  the  facts  on  hand  are  not 
worth  any  serious  study.  All  that  can  be  said  is  that  the  toxin- 
producing  power  of  bacilli  from  mild  and  from  severe  cases  varies 
but  little,  and  that  all  throat  affections  must  be  regarded  equally 
dangerous  if  diphtheria  bacilli  are  present. 

The  Toxin-producing    Power  or  Bacilli    persistino    in  the 

Throat  after  Recovery. 

Much  interest  has  been  aroused  by  the  patients  in  whose  throats 
diphtheria  bacilli  may  be  found  a  variable  length  of  time  after  sub- 
sidence of  all  symptoms  of  disease.  Li<')f9er,  in  his  investigation  of 
the  aetiology,  found  diphtheria  bacilli  in  the  throat  of  a  healthy  child. 
Roux  and  Yersin  first  called  attention  to  the  persistence  of  diph- 
theria bacilli  after  recovery,  but  they  disseminated  the  impression 
that  there  was  a  gradual  attenuation  going  on  which  eventually  made 
them  harmless.  That  this  may  be  true  in  certain  cases  is  not  dis- 
puted, otherwise  it  would  be  difficult  to  account  for  the  presence,  in 
the  mouth  of  some  healthy  persons,  of  bacilli  in  no  way  distinguish- 
able from  those  associated  with  disease  processes  except  by  an 
absence  of  virulence,  f  This  attenuation  has  not  been  observed  by 
subsequent  investigators,  however,  and  no  reliance  can  be  placed 
upon  it  to  purge  the  throat  of  the  recovered  case  of  its  infectious 
character. 

Among  the  forty-six  cultures  studied  there  were  eleven  made  from 
the  throat  fifteen  to  sixty-two  days  after  the  appearance  of  the  dis- 

•  **  Centralblatt  f.  Bakteriologie,"  XXI.  (1897),  page  623. 
t  Park  and  Beebe,  loc.  cit,^  page  37. 
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ease.  Owing  to  the  meagre  records  returned,  it  is  impossible  to  state 
how  long  after  the  subsidence  of  the  symptoms  the  bacilli  were  ob- 
tained from  the  throat ;  but  by  a  reference  to  Table  II.,  where  the 
relative  severity  of  each  case  is  noted,  some  idea  may  be  gained  by 
the  reader  of  the  probable  duration.  The  following  table  sum- 
marizes these  cases.  It  includes  two  from  which  harmless  pseudo- 
forms  were  obtained :  — 


NCMBKB  OF  CDLTURK. 


Date  of  Earliest 
Symptoms. 


Date  of  Cnltara. 


Intenral 

tare. 

(in 

Days). 

1896. 

23 

1896. 

67 

1896. 

52 

1896. 

22 

1896. 

26 

1896. 

16 

1896. 

37 

1897. 

17 

1897. 

16 

1897. 

27 

1897. 

46 

1897. 

42 

1897. 

62 

Minhnam  f\ 
Fatal  Dose  of 
Toxin  (Cable 
Centimeters). 


23, 
24. 
26, 
27, 
34, 
36, 
39, 
40, 
42, 
43, 
44, 
45, 
46, 


July 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Nov. 

Dec. 

Dec. 

Feb. 

Feb. 

Feb. 

Jan. 


12, 1896. 
14, 1896. 
28, 1896. 
27, 1896. 
22, 1896. 
15, 1896. 
22, 1896. 
18, 1896. 

31. 1896. 

20. 1897. 
8. 1897. 
9, 1897. 

29, 1897. 


Aug.  3, 
Sept.  9, 
Oct.  19, 
Oct.  19, 
Nov.  17, 
Nov.  30, 
Dec.  29, 
Jan.  4, 
Jan.  16, 
March  19, 
March  26, 
March  23, 
April     1, 


.07 

.08 

.06 

.06 

.06 

.08 
Not  toxic. 

.12 
07 

.08 
Not  toxic. 

.08 

.08 


If  we  exclude  the  harmless,  non-toxic  cultures  (Nos.  39,  44), 
which  will  be  discussed  farther  on,  we  observe  that,  so  far  as  toxin 
production  is  concerned,  the  length  of  time  the  bacilli  have  sojourned 
in  the  throat  has  no  tendency  to  reduce  it  below  the  average.  This 
is  still  better  brought  out  by  arranging  the  cultures  in  the  following 
groups : — 


Group. 


Days  after 

Beginning  of 

Disease. 


Number  of  the 
Caltare. 


Toxlcltj  (Cubic 
Centimeters). 


I.. 


II.> 


III,. 


15  to  20 


20  to  30 


50  to  62 


.08 
.12 
.07 
.07 
.06 
.06 
.08 
.08 
.06 
.08 
.08 
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Still  more  to  the  point  are  cultures  Nos.  22  and  23,  which  were 
isolated  from  the  same  case,  one  three,  the  other  twcDty-two,  days 
after  the  onset  of  the  disease.  Here  the  toxin  production  was  prac- 
tically the  same  for  both  cultures. 

Pseudo-Diphtheria  Bacilli. 

From  the  table  it  will  be  seen  that  four  of  the  forty-aix  cultures 
isolated  were  found  to  be  pseudo-diphtheria  bacilli.  It  does  not  lie 
within  the  scope  of  this  paper  to  discuss  at  length  the  relation  be- 
tween the  true  diphtheria  bacillus  and  the  pseudo-diphtheria  bacillus. 
A  very  good  discussion  will  be  found  in  the  work  of  Park  and  Beebe, 
to  which  the  reader  is  referred.  Since  its  appearance  nothing  new 
has  been  added  to  this  subject.  These  bacilli,  however,  influence  to 
a  certain  degree  the  interpretation  of  problems  in  public  sanitation, 
so  that  a  brief  reference  to  them  becomes  necessary. 

These  bacilli,  generally  known  as  pseudo-diphtheria  bacilli,  are 
short  rods  (1.5  n  to  3  //),  with  rounded  or  tapering  ends  (often  oval 
in  culture),  and  uniformly  stained,  or  with  a  single  narrow,  un- 
stained cross-segment.  A  few  cylindrical,  pear  and  hour-glass 
shaped  bacilli  are  occasionally  seen ;  but  involution  forms  are  not 
marked,  even  in  old  cultures.  They  are  distinguished  from  diph- 
theria bacilli  by  being  shorter,  smaller,  more  uniform  in  size,  shape 
and  manner  of  staining,  and,  as  pointed  out  by  Escherich,  by  a 
tendency  to  lie  parallel  in  cover-slip  preparations.  These  bacilli 
are  of  occasional  occurrence,  both  in  the  throats  of  patients  suffer- 
ing from  non-diphtheritic  throat  affections  and  in  true  diphtheria 
mingled  with  the  Klebs-Lr)ffler  bacilli.  They  are,  however,  almost 
always  present  in  small  numbers,  while  the  diphtheria  bacilli,  in 
recent  cases,  are  usually  present  in  large  numbers  and  well  diffei^ 
entiated.  It  is  only  in  convalescent  cases  of  long  duration  that  the 
pseudo-diphtheria  bacilli  are  likely  to  cause  doubt.  They  might  be 
mistaken  for  the  last  few  remaining  diphtheria  bacilli,  or  the  reverse 
might  occur.  A  few  remaining  virulent  forms  may  be  regarded  as 
pseudo-forms.  Diphtheria  bacilli  directly  from  the  membrane  from 
the  throat,  or  from  cultures  scarcely  at  all  developed,  sometimes 
resemble  quite  closely  the  pseudo-diphtheria  bacilli  in  morphology 
and  staining. 

The  morphological  differences  are  reinforced  by  at  least  two  bio- 
logical differences  of  importance,  —  the  absence  of  any  power  to 
produce  acids   in   bouillon  containing  dextrose,  and  the   lack  of 


No.  34.]  DIPHTHERIA  BACILLI.  6G5 

pathogenic  power.  In  Table  I.  it  will  be  seen  that  all  toxin-pro- 
ducing bacilli,  when  multiplying  in  bouillon  containing  1  per  cent, 
dextrose,  produce  u  considerable  amount  of  acid,  ranging  from  3.5 
to  5  per  cent,  of  a  normal  acid  solution  when  phenolphthallein  is 
used  as  an  indicator.  A  few  cultures  were  found  which  produce 
between  5  and  6  per  cent.  The  pseudo-diphtheria  bacilli  produced 
no  acid  under  the  same  circumstances.  The  culture  slowly  becomes 
more  alkaline,  as  shown  in  the  table  (Nos.  3,  4,  39,  44).  The 
culture  fluid  of  these  bacilli  was  likewise  free  from  toxin.  Guinea- 
pigs  which  received  from  six  to  twelve  times  the  average  fatal  dose 
of  the  virulent  cultures  showed  no  trace  of  infiltration  at  the  place 
of  injection  and  no  loss  in  weight. 

Though  there  are  these  three  distinctive  features  of  pseudo- 
diphtheria  bacilli,  —  characteristic  morphology,  absence  of  acid  and 
of  toxin  production,  —  it  is  not  a  simple  matter  to  recognize  them  as 
such  promptly  under  the  microscope  when  taken  from  throat  cult- 
ures, unless  the  observer  has  had  considerable  training.  It  is  highly 
probable,  therefore,  that  Roux  and  Yersin  in  their  earlier  work  may 
have  mistaken  pseudo-diphtheria  bacilli  for  true  diphtheria  bacilli, 
when  they  found  virulent  and  non-virulent  forms  together  in  the 
throats  of  convalescents.  This  may  explain  their  at  that  time  quite 
natural  position,  —  that  the  virulent  forms  were  being  transformed 
into  non-virulent  forms.  In  two  of  the  cases  tabulated  above  (Nos. 
39  and  44)  the  pseudo- diphtheria  bacilli  were  isolated  respectively 
thirty-seven  and  forty-five  days  after  the  beginning  of  the  disease. 
Here,  without  a  more  profound  study  of  the  cultures,  the  belief 
might  gain  the  upper  hand  that  the  cultures  represented  diphtheria 
bacilli  which  had  lost  their  virulence.  This  position  can  no  longer 
be  upheld,  and  we  must  accept  or  at  least  act  up6n  the  presumption 
that  the  pseudo-diphtheria  bacilli  belong  to  a  wholly  different  group 
of  bacilli,  and  that  a  loss  of  pathogenic  power  of  the  genuine  forms 
does  not  take  place  in  the  mouth  for  months  after  the  subsidence  of 
the  disease,  when  such  forms  persist  after  recovery. 

Of  the  non-virulent  but  otherwise  characteristic  diphtheria  bacilli, 
described  by  Park  and  Beebe  and  by  others  more  recently,  none 
have  come  under  observation. 
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•^» 


REPORT 


UPON  THS 


PRODUCTION  AND  USE    OF  ANTITOXIN, 


FOR  TBM 


Twelve  Months  ending  March  81,  1897. 


This  second  report  upon  this  subject  is  intended  to  present  the 
practical  details  of  the  work  of  the  Board  in  this  direction  for  the 
space  of  one  year,  following  immediately  after  the  termination  of 
the  first  summary  presented  in  the  last  annual  report.  The  un- 
avoidable delay  in  publishing  the  annual  reports,  \Vhich  contain 
accounts  of  the  general  work  of  the  Board  for  the  diflTerent  years  of 
official  work,  permits  the  extension  of  the  time  of  this  portion  up  to 
the  first  of  April.  Another  reason  for  this  method  of  presentation 
exists  in  the  fact  that  the  Board  began  the  first  distribution  of  its 
antitoxin  at  that  season  of  the  year  (^about  April  1,  1895). 

The  general  supervision  of  the  production  of  antitoxin  for  the 
3oard  throughout  the  year  has  been  in  charge  of  Dr.  Theobald 
Smith,  assisted  by  J.  R.  Stewart,  and  the  work  has  been  performed 
at  the  bacteriological  laboratory  of  the  Board,  at  the  Bussey  Institute. 
The  minor  details  of  the  work  (labelling,  packing,  mailing,  record- 
ing and  correspondence)  have  been  performed  at  the  office  of  the 
Board,  at  the  State  House. 

The  strength  of  the  serum  issued  during  the  year  embraced  in  this 
report  was  maintained  substantially  at  a  uniform  standard  of  100 
units  per  cubic  centimeter. 

A  considerable  quantity  of  a  weaker  serum,  having  a  strength  of 
60  to  80  units  per  cubic  centimeter,  has  also  been  prepared  and 
furnished  for  use  to  such  authorities  as  have  desired  it  for  the  pur- 
pose of  immunization  only. 

During  the  early  part  of  1895  the  Board  bad  issued  antitoxin  to 
the  Boston  City  Hospital  for  use  in  its  contagious  disease  depart- 
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ment,  but  this  demand  ceased  as  soon  as  the  city  board  of  health 
began  issuing  antitoxin. 

That  the  use  of  antitoxin  is  steadily  increasing  and  that  this  thera- 
peutic agent  is  growing  in  favor  among  physicians  is  shown  by  the 
fact  that  the  number  of  packages  issued  by  the  Board  has  nearly 
doubled,  when  the  figures  of  1896  are  compared  with  those  of  1895. 
Nor  is  this  due  to  an  increase  in  the  prevalence  of  diphtheria  during 
these  two  years,  since  the  returns  of  deaths  received  at  the  time  of 
writing  this  report  indicate  a  lessened  mortality  from  this  eau^. 

It  is  to  be  regretted  that  the  returns  of  cases  treated  by  physi- 
cians are  very  much  smaller  in  number  than  the  actual  number  of 
cases  treated,  the  ratio  of  returns  to  cases  treated  being  even  less 
than  that  of  1895,  if  the  number  of  bottles  issued  is  an  indication 
of  the  number  used.  The  statements  as  to  the  probable  cause  of 
this  deficiency,  which  were  published  in  the  last  annual  report,  are 
quite  as  applicable  to  the  conditions  prevailing  in  1896. 

The  total  amount  of  diphtheria  antitoxin  issued  by  the  Board  dur- 
ing the  year  ended  March  31,  1897,  was  3,245  bottles,  containing 
in  all  about  35,000  cubic  centimeters  of  serum,  nearly  all  of  which 
was  of  a  uniform  strength  of  100  units  per  cubic  centimeter.  This 
serum  was  distributed  to  local  boards  of  health  and  to  physicians  in 
the  following  cities  and  towns  :  — 

BKowing  Number  of  Battles  of  DipMieria  AtUitoxin  distributed  from  April  2, 

1S96,  to  March  31, 1897. 


CiTT  om  Town. 


Number 
Boitlet. 


BMton: 
OhUdren't  Ho«plUl, 
Oeneral  aapply,    . 

Cambiidge,       . 

Lynn,        •       •       • 

WorcMteri 

NewtoD,    •       .       • 

Walthftm,  . 

Everett,     . 

Pittofleld.  .       . 

Someryillei        •       . 

Fltobbarg,         .       . 

Wobam,   . 


268 

ao 

270 

IM 

IM 

182 

126 

118 

102 

M 

06 

86 


CiTT  om  Toww. 


KiBber 
IkMilte. 


Hyde  Perk, 
Beverly,  • 
Sprlngfleld, 
Weymonth, 
Denvera,  . 
Tennton,  . 
Ifedford,  . 
Ameebory, 
Brooklloe, 
Cbelaee,  . 
Lowell,  . 
Heverhlll, . 
Selem, 
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61 
60 
M 
47 
46 
46 
46 
46 
46 
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Showing  Number  of  BoUltt  of  Diphlheria  Antitoxin  distributed  from  April  1, 
1898,  to  March  31,  1S97      Con(;luiIed. 


Cin  Di  Toir.- 

K?^:' 

C^O.To... 

UullHfc 

Sojib  Adin 

a 

Millon 

10 

Halden 

41 

N«Llek 

W»lBttowD 

ta 

Sonitabridg.,     ...... 

W.r. 

U 

mifonl 

u 

AotOD 

Aa«D 

SI 

Aret, 

Qiln'J. 

tl 

CoKiord 

HatJborDaih 

M 

Brockton 

IB 

Norwell 

16 

H«l'P<"t 

Tcwkibarf 

U 

OrolOB 

■a 

Bnitolrw 

»"dolpb 

» 

Penbodj 

]T 

W«l  BrookttBld 

New  Bfdtord 

n 

Wbltmui.'. 

Bedford 

10 

-Wloehendon, 

i« 

Rocklud 

LairreatH 

10 

WlBlhrop 

i« 

Kul  Btld«.w»ler 

I>«lln««i 

IB 

Mouoa, 

14 

Bhlrl., 

Holyoke 

14 

Aockind, 

Wakefleld 

It 

WeMford 

CUnl"" 

u 

Rerare 

lUnonr, 

ia 

niDMliI 

Sorwood 

11 

Aadwer. 

Bldsbeo. 

» 

CotUieCII; 

W.rmi 

« 

W»«fl.]d 

11 

WlDihrop. 

11 

Hemrd, 

11 

Abtoitw 

ArllD««OD 

11 

11 

10 

— — 

SoRhAlltoborcB^       .       .       .       . 
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The  following  list  presents  the  oamea  of  the  cities  and  towns  from 
which  detailed  reports  were  received  relative  to  the  use  of  snti- 
toxin,  with  the  numhcr  from  each  towD  and  the  number  of  phy- 
sicians reporting  in  each  during  the  year  ended  March  31,  1897  :  — 


iMlo/Ciliai  and  Towns  from  which  Btport*  have  been  rteeivtd  rtlativt  totheUtt 
of  Antitoxin  in  Ihe  TrentmetU  of  Diphtheria,  wUh  the  Xumber  of  ReporU  frmn 
Each  and  the  Number  of  Physiciana  reporting  in  Each. 


,„,_ 

ii 

I 

i 

^^ 

ft 

1 

ir-" 

n 

41 

W.r^     .... 

Wobnm, 

H 

AF.r,      .       . 

WoRHttT, 

- 

QolDCJF,    .          . 

Wilthan, 

11        UillOD,     .          . 

llAirord, 

Cl»l«,  . 

1  1    IT.Wt<™.  .         . 

B««ll,  . 

I      FnmlD^tiini. 

Tawkibqry. 

- 

Randolph,      . 

4 

WikcHvId,      . 

B-verblll. 

» 

Wiyinentll, 

11 

SouOibrldia,  . 

WIncliHUr, 

«  1  B.».rly. .       . 

IToRh  Ad>n» 

1      Holfoke,         . 

Adaini,  . 

T      Ag.«n..        . 

SuTen, 

J    1  Tnunlon,         . 

lowell.  . 

S      Bo.lon,   .       . 

- 

■W.wnowi,, 

Bedlord, 

7|jas-d.F«k.  . 

eomcrrUlr, 

t   ,  WtmttoTi,       . 

£prin|flt]d. 

B  ,    N.llck,   .       . 

, 

ll.ld.n,  . 

t    B«:ii>oDt,      . 

Bt\*m.    . 

11      ArllnrtoB,      . 

rttliB«Jd. 

{j      Bedford,       . 

SnlDlm. 

Tlichburf, 

4      niDKhiini.        . 

Uniburf. 

I      Eml  BridnwMar, 

Bsltrook, 

- 

4  1    L»«n«.      .        . 

No.  34.]    PRODUCTION  AND  USE  OF  ANTITOXIN.        679 


List  of  Cities  and  Towns  from  which  Reports  have  been  received  relative  to  the  Use 
of  Antitoxin  in  the  Treatment  of  Diphtheria,  with  the  Number  of  Reports  from 
Each  and  the  Number  of  Physicians  reporting  in  Each  —  Concluded. 


Placbi. 


WilllamstowD, 
New  Bedford, 
ninsdale, 
BrocktoD,       • 
Wellesley, 
WreDtbam,     . 
Chlcopce, 


«  a. 

a  O'S 

'A 


SS 
tt 


1 
1 


i 


■30 


1 
1 
1 
1 
1 
1 
1 


Plaom. 


AtUeboroagh, 
Weal  Springfield,  . 
Dalton,    . 
MUford,  . 

North  Attleborongb, 
TyDgsborough* 
Total. 


s  o  S 

as 


lit 

i  s  S 

o 


2 

1 
1 
1 


182 


805 


la 

o 


1 
1 
1 


2« 


Cases  in  which  a  Bacterial  Examination  was  made. 

Following  the  same  method  of  classificution  which  was  adopted  in 
the  report  of  the  previous  year,  the  cases  in  which  cultures  were 
made  are  classified  into  those  which  proved  on  examination  to  be 
cases  of  genuine  diphtheria  and  those  which  did  not ;  in  other 
words,  into  positive  and  negative  cases. 

Diagnostic  examinations  by  means  of  culture  were  made  in  205 
of  the  cases  reported,  and  of  these,  189  proved  to  be  cases  of  gen- 
uine diphtheria  and  16  gave  a  negative  result. 


Positive  Cases, 

Of  the  189  cases,  there  were  167  recoveries  and  22  deaths,  or  11.6 
per  cent.,  —  a  slight  improvement  over  the  results  of  the  previous 
year,  which  was  13.7  per  cent. 

Sex.  —  The  number  of  males  was  76  and  the  deaths  of  these  were 
11,  or  14.5  per  cent.,  which  was  almost  identical  with  the  14.4  per 
cent,  of  the  previous  year.  The  females  were  109,  and  the  deaths 
of  these  were  9,  or  8.9  per  cent.,  as  compared  with  12.6  per  cent, 
in  1895.     The  sex  of  four  was  not  stated.     Two  deaths. 

Ages.  —  The  following  table  presents  the  cases   and   deaths  by 


ages :  — 
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Tear  ending  March  31, 1897. 


AOB  Pbuodi. 

ClMt. 

Detthft. 

(P«rOmL). 

From  0  to    2  years, 

From  2  to    6  years, 

From  6  to  10  years, 

Over  10  years, 

Age  unknown, 

17 
63 
47 
60 
2 

8 

9 
7 
3 
0 

17.6 

14. S 

14.9 

6.0 

0.0 

189 

22 

11.6 

Of  those  who  wei'e  more  than  ten  years  of  age,  33  were  between 
ten  and  twenty,  16  were  between  twenty  and  thirty,  6  were  between 
thirty  and  forty,  3  were  between  forty  and  fifty,  1  was  58  and  1  was 
of  unknown  age.  Of  the  fatal  cases  in  this  class,  1  was  eleven,  1 
was  twenty-three  and  the  remaining  1  was  forty-three  years  old. 

^«y  of  Illness  xchen  Antitoxin  was  first  administered.  —  The  fol- 
lowing table  presents  the  fatality,  according  to  the  day  of  illness  on 
which  antitoxin  was  first  administered  :  — 


Faialltj 

PataHtjr 

DAT. 

Caaet. 

DMthi. 

(Percent.). 
ISM. 

(l^rCVnL). 

First, 

22 

0 

0.0 

0.0 

S«*concl,    . 

42 

4 

9.5 

9.7 

Third,      . 

36 

3 

8.3 

8.7 

Fourth,    . 

22 

5 

22.7 

15.4 

Fifth,       . 

6 

0 

0.0 

22.2 

Sixth,      . 

7 

1 

14.3 

2«).0 

Sovenlh,  . 

4 

1 

25.0 

83.3» 

Eighth  and  later. 

6 

1 

16.6 

» 

*  Seventh  day  and  later. 

This  table  relates  only  to  those  cases  in  which  a  definite  statement 
is  given  as  to  the  day  on  which  the  antitoxin  was  first  etiiploye<l. 

The  small  numbers  in  the  lower  part  of  this  table  have  bat  little 
significance  as  compared  with  the  larger  numbers.  They  are  re- 
tained, however,  with  the  hope  that  the  grouping  of  several  years* 
experience  will  prove  more  valual)le. 

Fatality  in  Hospital  and  in  Private  Practice.  —  The  fatality  of 
the  positive  cases  treated  in  hospitals  was  as  follows:  cases,  39; 
deaths,  2  =  5.1  percent.  In  private  practice:  cases,  150;  deatbsi 
20  =  13.3  per  cent. 
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Seasons  of  the  Year.  —  The   cases   embraced   in   the   foregoing 
enumeration  occurred  in  the  following  order :  — 


Months. 

Cami. 

Deaths. 

1 

IfOHTHI. 

Cmm. 

Dwthi. 

April, 

May, 

June, 

July, 

August,    . 

Septembei 

« 
1                  • 

» 

7 
5 
6 

10 
8 

11 

2 
1 
0 

1 

0 
2 

1 

18»«. 

October,. 

November, 

December, 

1S97. 

January, 

February, 

March,    .... 

24 
27 
25 

28 
19 
19 

4 
2 

0 

8 
8 
4 

t 

47 

6 

142 

16 

By  this  table  it  appears  that  there  were  47  cases  and  6  deaths 
among  positive  cases  in  the  warmer  months,  and  142  cases  with  16 
deaths  in  the  colder  months. 

Negative  Cases. 

The  number  of  cases  in  which  a  negative  result  was  obtained  was 
16.  Two  cases  were  excluded  from  the  full  number  of  18  and 
placed  in  the  group  of  positive  cases,  where  the  history  and  the 
clinical  statement  clearly  indicated  genuine  diphtheria.  There  was 
also  one  case  in  which  a  negative  result  was  obtained,  in  which  the 
package,  through  the  carelessness  of  an  expressman,  was  frozen  in 
its  transit  to  the  State  House.  There  were  no  deaths  among  the^e 
16  negative  cases. 

Summary  of  the  Two  Years,  ending  March  31,  1897. 

Positive  Cases  treated  with  Antitoxin. 

Whole  number  for  the  two  years,  451 ;  deaths,  58  ;  fatality,  12.8 
per  cent. 

Sex.  — The  fatality  by  sexes  was  as  follows  :  — 


Skx. 


Males, 
Females, 


201 
244 


*'••"■•       (Percent.). 


14.4 

10.9 


The  sex  of  six  was  not  stated. 
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Ages.  —  The  fatality  by  ages  was  as  follows :  — 


AoB  Pbsiods. 

Cmm. 

DMtlW. 

(PerOML). 

0-  2 

years, 

•        ••.... 

47 

12 

25.5 

%-  6 

years. 

134 

25 

18.7 

5-10 

years. 

138 

16 

11.6 

Over  10  years,    . 

127 

5 

8.9 

Age 

unknown,   . 

•        •••••• 

6 

0 

0.0 

461 

58 

12.8 

Hospitals  and  Private  Practice. 

j      Cams. 

DMthft. 

(Fm-  Ont.). 

In  hospitals 

124 
325 

17 

41 

18.7 

In  private  practice, 

12.6 

Cases  in  which  no  Bacteriolooical  Examination  was  made. 

fieports  were  made  of  268  cases  where  antitoxin  was  employed,  in 
which  no  cultures  were  taken.  Out  of  this  number  there  were  30 
•cases  which  proved  fatal,  or  11.2  per  cent,  of  the  whole.  This 
number  differs  but  little  from  that  of  1895  for  the  same  class  of 
cases,  that  of  1895  having  been  11.7  per  cent.  There  were,  how- 
ever, 3  of  the  cases  which  occurred  in  this  class  in  1896  which  may 
properly  be  rejected  from  consideration,  since  the  patient  was  at  the 
point  of  death  in  each  case  at  the  time*  of  administration  of  the  anti- 
toxin. The  following  terms  were  employed  in  the  returns  in  de- 
scribing these  cases  :  "  moribund,"  ''  comatose,"  and  "  dying  at  the 
time  of  administration."  It  would,  therefore,  be  proper  to  reject 
such  cases  as  being  beyond  the  power  of  remedial  agencies  of  any 
sort.  The  rejection  of  these  3  cases,  therefore,  would  reduce  the 
Dumber  of  cases  to  265  and  the  deaths  to  27,  or  10.2  per  cent. 

Sex.  — The  number  of  males  in  this  class  was  111  and  the  deaths 
of  these  were  14,  or  12.6  per  cent.  The  number  of  females  was 
142  and  the  deaths  of  these  were  13,  or  9.2  per  cent.  The  number 
of  those  whose  sex  was  unknown  or  not  stated  was  12,  and  there 
were  no  deaths  of  these. 

Ages.  —  The  following  table  presents  the  cases  and  fatality  by 
Ages :  — 
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AOK  PSRIODS. 


FatoUtT 
(Per  Cent). 


From  0  to  2  years, 
From  2  to  5  years, 
From  5  to  10  years, 
Over  10  years,    . 
Age  unknown,    . 


28 

8 

83 

16 

88 

6 

62 

4 

4 

0 

265 

27 

10.7 

18.1 

6.7 

6.6 

0.0 


10.2 


Of  those  who  were  over  ten  years  old,  41  were  between  ten  and 
twenty  years,  10  were  between  twenty  and  thirty,  7  were  between 
thirty  and  forty,  2  were  between  forty  and  fifty,  1  was  sixty  and  an- 
other was  seventy-three. 


Day  of  Illness  when  Antitoxin  was  first  administered. 

The  cases  and  deaths,  distributed  according  to  the  day  of  illness 
when  antitoxin  was  first  administered,  are  presented  in  the  following 
table :  — 

Day  of  Illness  when  Antitoxin  wets  first  administered. 


DAT. 


CtMe. 

Deatlu. 

Fatality 
(Per  Cent). 

40 

1* 

2.6 

64 

2 

3.7 

26 

3 

12.0 

27 

6 

22.2 

11 

2 

18.2 

9 

2 

22.2 

12 

6 

41.7 

87 

6 

9.0 

266 

27 

10.2 

First,  . 

Second, 

Third, 

Fourth, 

Fifth, . 

Sixth, . 

Seventh  and  later. 

Unknown,  . 


•  This  fatal  case  was  that  of  a  man  thirty  years  of  age,  and  of  extremely  Intemperate  habits. 
The  reporter  states  that,  in  his  opinion,  the  man  would  hare  recovered  if  it  had  not  been  for 
this  fact. 

Of  the  cases  in  which  the  administration  was  delayed  until  the 
seventh  day  or  later,  the  antitoxin  was  used  on  the  seventh  day  in 
4  cases,  on  the  eighth  in  4,  on  the  ninth  in  1  case,  on  the  tenth  in  1 
and  on  the  fifteenth  in  2  cases. 
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Hospitals  and  Private  Practice. 

The  fatality  among  the  private  and  hospital  cases  of  this  class  was 
as  follows :  — 


D—Om, 


(FvCmL). 


Treated  in  hospitals,  . 
Treated  in  private  practice, 


43 
222 


266 


2 
25 


27 


4.7 
11.8 


10.2 


Sequels. 

In  this  summary  all  cases  are  considered  together,  those  in  which 
cultures  were  made  and  those  in  which  none  were  made. 

Eruptions.  —  Urticaria  was  reported  as  occurring  in  60  cases,  of 
varying  severity  and  at  greater  or  less  intervals  from  the  time  of  ad- 
ministration of  antitoxin.  In  16  cases  it  was  noted  as  <*  slight,''  or 
at  point  of  injection  only  ;  in  10  cases  it  was  *'  copious,**  or  generally 
distributed  over  the  body ;  and  in  the  remainder  its  severity  was  not 
specified.  In  several  cases  it  appeared  as  early  as  the  third  or  fourth 
day,  and  in  1  it  was  delayed  till  the  eighteenth  and  in  another  till 
the  twentieth  day.     It  usually  lasted  from  two  to  five  days. 

Albuminuria  was  reported  in  51  cases.  In  20  it  was  reported  as 
'<  slight,''  or  a  ''  trace  "  only  ;  in  3  it  was  severe,  and  attended  with  a 
fatal  result ;  and  in  the  remainder  the  character  was  not  stated. 

In  9  cases  rheumatic  pains  and  joint  aflfections  were  reported. 

In  9  cases  paralysis  of  the  throat  was  reported  and  in  2  paralysis 
of  the  legs. 

Operations. 

Of  the  foregoing  cases,  there  were  22  in  which  operative  inter- 
ference was  deemed  necessary,  and  of  these  there  were  17  in  which 
intubation  was  performed,  all  of  which  recovered  except  1.  Nine 
of  these  were  females,  7  were  males  and  the  sex  of  1  was  not  stated. 
Their  average  age  was  three  years  and  eleven  months.  One  of  these 
was  intubated  on  the  second  day  of  illness,  2  on  the  third,  3  on  the 
fourth,  4  on  the  sixth  (1  fatal),  3  on  the  seventh,  1  on  the  eigfathi 
and  the  time  was  not  stated  in  3  cases. 
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Tracheotomy  was  performed  in  5  instances,  2  of  which  were  fatal. 
All  were  females.  One  was  two  and  one-half,  2  were  four,  another 
five,  and  the  fifth  was  forty-three  years  old,  and  in  the  case  of  this 
adult  the  result  was  fatal. 

The  Brands  of  Antitoxin  EBfPLOYED. 

Since  this  report  deals  mainly  with  the  antitoxin  produced  and 
oflfered  for  use  to  the  local  boards  of  health  by  the  State  Board  of 
Health,  it  follows  that  the  returns  received  upon  the  blank  forms 
supplied  by  the  Board  present  the  results  of  its  use.  In  a  few  in- 
stances, however,  returns  were  received  from  parties  who  had, 
through  inability  to  obtain  the  product  supplied  by  the  Board,  or 
for  other  reasons,  employed  other  brands,  and  in  some  cases  two 
ditferent  brands  were  used  in  the  treatment  of  single  cases. 

Deaths. 

Private  Practice. 

1.  Male,  two  years,  two  months  (April,  1896).  Weak  and  rapid  pulse, 
132  ;  great  prostration  ;  membrane  over  tonsils  and  pharynx ;  hoarseness, 
dyspnoea  and  stenosis ;  glands  normal.  Antitoxin  administered,  5  cubic 
centimeters  ;  time  not  stated. 

2.  Male,  five  years  (May,  1896).  Temperature,  99*;  pulse,  132, 
strong;  condition  at  onset  of  illness  excellent;  membrane  on  posterior 
wall  and  left  tonsil ;  hoarseness,  cough,  dyspnoea  and  stenosis ;  glands 
slightly  enlarged ;  difficult  breathing  on  fifth  day.  Antitoxin,  10  cubic 
centimeters  ;  time  not  stated. 

3.  Female,  eleven  years  (July,  1896).  Temperature,  105° ;  pulse,  160, 
fairly  strong ;  restless,  weak  and  delirious  ;  membrane  on  both  tonsils,  and 
increasing ;  neck  glands  swollen  ;  all  symptoms  progressively  worse.  Anti- 
toxin, 18  cubic  centimeters,  second  day ;  9  cubic  centimeters,  third  day. 

4.  Male,  seven  years  (September,  1896).  Temperature,  101°;  pulse, 
140,  weak ;  cyanotic ;  pale ;  prostration ;  membrane  on  posterior  wall  of 
pharynx,  right  tonsil,  side  of  uvula  and  in  the  nose,  and  spreading ;  ste- 
nosis of  larynx ;  copious  epistaxis.  Antitoxin,  second  day,  10  cubic  centi- 
meters in  morning,  10  in  afternoon  and  10  on  third  day.  Death  on  fourth 
day. 

5.  Female,  eight  years  (September,  1896).  Temperature,  102.5°; 
pulse,  100;  patient  irritable;  membrane  on  both  tonsils  and  part  of  soft 
palate ;  slight  dyspnoea ;  right  parotid  gland  enlarged ;  urine  albuminous. 
Antitoxin,  7^  cubic  centimeters.     Death,  thirteenth  day. 

6.  Male,  two  and  one-half  years  (October,  1896).  Temperature,  99J° ; 
pulse,   weak;    moderate   prostration;    membrane  on   tonsils   and  uvula; 
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hoarseness  and  cough ;  neck  glands  enlarged.    Antitoxin,  5  cable  centi- 
meters, sixth  day ;  5  cubic  centimeters,  seventh  day.    Death  on  ninth  day. 

7.  Male,  three  years,  two  months  (October,  1896).  Temperatare,  102^ ; 
pulse,  110,  strong  and  regular;  membrane  on  tonsils  and  fauces;  hoarse- 
ness and  cough ;  neck  glands  swollen,  tender  and  tense  ;  extreme  prostra- 
tion. Antitoxin  (Behring's),  3  cubic  centimeters,  fourth  day;  1  cnbic 
centimeter  (State  Board  of  Health),  fifth  day,  morning,  5  cable  centi- 
meters, afternoon;  5  cubic  centimeters,  morning,  sixth  day.  Death  on 
seventh  day. 

8.  Female,  eleven  months  (October,  1896).  Temperature,  105.2^; 
pulse,  80-180,  weak  ;  general  condition  poor ;  membrane  on  posterior  wall, 
densely  covered  ;  dyspncea  and  stenosis.  Antitoxin,  6  cabic  eentimeten» 
repeated  once  ;  time  not  stated. 

9.  Male,  five  years  (October,  1896).  Temperature,  104^;  pulae,  144; 
severe  prostration ;  membrane  in  nose ;  hoarseness,  cough,  dyspncsa  and 
stenosis  ;  neck  glands  on  left  side  much  swollen ;  urine  slightly  albuminons. 
Antitoxin,  10  cubic  centimeters,  third  day;  10  cubic  centimeters,  foarth 
day ;  10  cubic  centimeters,  fifth  day.  Hemorrhages  from  mouth  and  nose 
on  sixth  day.     Death  on  sixth  day. 

10.  Male,  four  years  (November,  1896).  Temperature,  102^;  pulse, 
160,  weak ;  severe  prostration  ;  neck  glands  enlarged ;  stenosis.  Antitoxin, 
600  units,  morning,  fourth  day ;  600,  afternoon,  fourth  day ;  600,  sixth 
day.    Death,  eighth  day. 

11.  Male,  twenty-three  years  (November,  1896).  Temperature,  lOS^; 
pulse,  120 ;  great  prostration  ;  membrane  on  tonsils  and  palate ;  hoarseness, 
cough  and  dyspncea;  neck  glands  swollen.  Antitoxin,  1,200  units,  third 
day ;  600,  fourth  day.     Death,  fifth  day. 

12.  Female,  five  years  (January,  1897).  Temperature,  102°;  pulse, 
120,  weak ;  membrane  over  tonsils  and  pharynx ;  hoarseness,  cough, 
dyspnoea  and  stenosis;  neck  glands  swollen.  Antitoxin,  two  doses,  10 
and  5  cubic  centimeters ;  time  not  stated.  Death  thirty-six  hours  after 
first  visit. 

13.  Male,  eight  years  (January,  1897).  Temperature,  108° ;  pulse,  90- 
132,  regular  and  strong;  great  prostration ;  membrane  on  tonsils,  uvala 
and  soft  palate  and  in  the  nose ;  slight  stenosis ;  neck  glands  moderately 
enlarged.  Drowsy,  vomiting,  and  finally  collapse  and  death  on  seventh 
day.  Antitoxin,  4  cubic  centimeters,  morning,  fourth  day ;  3  cubic  centi- 
meters, afternoon,  fourth  day ;  3  cubic  centimeters,  fifth  day ;  5  cubic 
centimeters,  sixth  day. 

14.  Female,  forty-three  years  (February,  1897).    Pulse,  weak;  great 
prostration  ;  very  anemic ;  hoarseness,  cough,  dyspncea  and  stenoais ;  urine 
pale,  specific  gravity  1,006,  acid,  trace  of  albumin,  casts,  puss  and  cells. 
Tracheotomy.    Antitoxin,  1,000  units,  fourth  day ;  1,000  units,  fifth  day; 
1,000  units,  seventh  day.     Death,  ninth  day. 
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15.  Female,  two  years,  ten  months  (Febraary,  1897).  Tempera- 
ture, 97°;  pulse,  80,  very  weak;  marked  toxaemia  and  profound  prostra- 
tion ;  urine  suppressed  ;  '^  when  first  seen,  child  was  suffering  from  acute 
Bright's  disease."  Antitoxin,  800  units,  seventh  day.  Death  on  eleventh 
day. 

16.  Male,  seven  years  (February,  1897).  Hoarseness,  cough,  dysp<» 
ncea  and  stenosis ;  pulse  not  very  strong ;  neck  glands  enlarged ;  left  lung 
finally  involved.  Antitoxin,  600  units,  ninth  day;  1,000,  tenth  day. 
Death,  tenth  day. 

17.  Sex  not  stated,  ten  years  (March,  1897).  Temperature,  99.8^; 
pulse,  130,  weak  and  intermittent;  great  prostration;  hoarseness,  cough^ 
dyspnoea  and  stenosis.  Antitoxin,  1,000  units,  fourth  day.  Death,  fourth 
day. 

18.  Female,  five  years  (March,  1897).  Temperature,  101.8**;  pnlse^ 
130,  extremely  weak ;  membrane  covering  pharynx  and  in  the  nose ;  neck 
glands  swollen.  Antitoxin,  second  day,  1,000  units.  Convulsions  and 
death,  third  day. 

19.  Sex  not  stated,  one  year  (March,  1897).  Temperature,  104^; 
pulse,  130,  strong ;  membrane  on  both  tonsils  and  in  the  nose.  Antitoxin, 
1,000  units,  third  day.  ''  Profuse  bleeding  from  nose,  causing  death  in  a 
short  time." 

20.  Female,  six  years  (April,  1897).  Pulse,  130 ;  marked  prostration ; 
membrane  on  both  tonsils  and  soft  palate ;  neck  glands  enlarged ;  urine 
nearly  suppressed  for  forty-eight  hours  before  death.  Antitoxin,  800 
units  ;  time  not  stated.     Death,  ninth  day. 

Hospital  Cases, 

21.  Female,  eleven  months  (January,  1897).  Pulse,  120;  prostration 
not  excessive  ;  membrane  in  phar3'nx  ;  neck  glands  enlarged.  Antitoxin, 
1,000  units ;  time  not  stated.     Death,  thirty  hours  after  injection. 

22.  Male,  nine  years  (March,  1897).  Great  prostration;  membrane 
over  pharynx  and  roof  of  mouth  and  in  the  nose ;  neck  glands  very  much 
enlarged.  Antitoxin,  4,000  units,  in  divided  doses ;  time  not  stated. 
Great  improvement  after  each  injection.  Death  from  exhaustion  on  eighth 
day. 

It  is  quite  plain  that  a  comparison  of  the  fatality  of  cases  treated 
with  antitoxin  with  the  general  fatality  of  cases  of  diphtheria  pre- 
vious to  the  introduction  of  this  therapeutic  agent,  or  even  with  cases 
not  treated  with  antitoxin,  which  occurred  at  the  same  period  with 
those  so  treated,  does  not  do  justice  to  the  merits  of  antitoxin,  for 
the  reason  that  such  a  comparison  must  be  made  between  two  groups 
or  classes  of  cases  which  are  not  strictly  comparable,  since  one  con- 
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tains  a  larger  and  the  other  a  smaller  percentage  of  severe  cases. 
That  is  to  say,  the  general  run  of  cases  treated  with  antitoxin  by 
physicians  in  private  practice,  and  especially  of  those  sent  to  hospital, 
mast  necessarily  be  a  selected  class,  in  which  the  percentage  of 
severe  cases  is  greater  than  it  is  in  the  whole  number  of  cases  of 
diphtheria  occurring  or  reported  in  a  given  community. 

It  has  been  urged,  and  with  some  degree  of  reason,  that  the  dimi- 
nution in  the  fatality  from  diphtheria  is  partly  due  to  the  introduction 
of  bacterial  diagnosis  by  means  of  cultures  from  the  throat,  whereby 
mild  cases  of  illness  are  shown  to  be  cases  of  true  diphtheria,  which 
would  otherwise  have  passed  unnoticed.  But  this  statement  is  in 
some  measure  offset  by  the  fact  that  a  considerable  number  of  cases 
which  might  have  passed  for  diphtheria  before  the  days  of  bacterial 
diagnosis  are  now  classed  as  *'  negative." 

The  present  report  gives  support  to  the  belief  that  the  value  of  this 
argument  has  been  over-estimated,  since  the  cases  in  which  cultures 
were  made  are  here  separated  from  those  in  which  they  were  omitted, 
and  the  fatality  in  each  group  differs  but  slightly.  This  fact  does 
not,  however,  in  the  least  degree  undervalue  the  importance  of  hav- 
ing a  careful  diagnosis  made  by  means  of  cultures  in  each  case,  either 
before  the  administration  of  antitoxin,  or  as  soon  as  possible  after  the 
beginning  of  treatment. 

The  most  important  lesson  which  is  taught  by  these  returns  is  the 
necessity  of  early  administration  of  the  antitoxin  in  each  and  every 
case. 

Out  of  136  cases  in  which  antitoxin  was  administered  on  the  first 
day  of  illness,  there  were  only  2  deaths,  or  1.5  per  cent.,  and  1  of 
these  deaths  occurred  in  the  case  of  an  adult  male  who  was  stated  to 
be  a  man  of  excessively  intemperate  habits  and  enfeebled  by  drink. 

That  this  experience  is  not  peculiar  to  Massachusetts  is  shown  by 
the  accompanying  table,  in  which  the  effect  of  delayed  administra- 
tion is  very  conclusively  demonstrated.  In  almost  every  collection 
of  statistics  of  this  character  the  fatality  appears  to  increase  with  a 
considerable  degree  of  uniformity  from  the  first  day  onward. 

As  id  usual  in  all  similar  tables  of  figures,  the  larger  numbers  pre- 
sent the  more  uniform  results.  From  an  inspection  of  this  collec- 
tion of  more  than  20,000  cases  treated  with  antitoxin,  the  probability 
of  recovery  or  of  a  fatal  result  in  an  average  case  may  readily  be 
estimated. 
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Comparison  of  Fability  from  DiphlAeria  in  Period*  before  and  i^ter  Introduction 
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Gekeral  Summabt,  1895  and  1896. 

FositiTe  cases  treated  in  the  two  years  ending  March  31, 1897,    .  451 

Cases  in  which  no  bacteriological  examination  was  made,  .  538 

989* 

Deaths  of  these, 117 

Fatality  (per  cent), 11.8 

Sexes. 

The  number  of  males  who  were  treated  was        ....  485 

The  number  of  females  who  were  treated  was     ....  529 

The  number  whose  sex  was  not  stated  was 25 

Total, 989* 

Deaths  of  males, 57 

Fatality  of  males  (per  cent), 13.1 

Deaths  of  females, 56 

Fatality  of  females  (per  cent), 10.6 

Deaths,  sex  not  stated,  . 4 

Deaths  by  Ages, 
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0-  2  years, 

2-  5  years, 

5-10  years, 

Over  10  years,    . 

Age  unknown  or  not  stated. 
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Seventh  and  later. 
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» 
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34 
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*  In  this  number  (989)  43  cases  in  which  a  bacterial  diagnosis  showed  negaUve  retolti 
are  not  included,  so  that  the  whole  number  treated  with  antitoxin  of  which  retnnu  wera  mada 
to  the  Board  was  1,032. 
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DiPHTHERu  Cultures  examined  during  the  Year 
ENDING  March  31,  1897. 


The  followiDg  table  presents  the  informatioD  obtained  from  the 
records  of  tbe  Board  relative  to  tbe  number  of  dipbtbena  cultures 
examined  daring  tbe  year  ending  Marcb  31,  1897,  together  with  tbe 
names  of  the  cities  and  towns  for  which  this  work  was  done  and  the 
numbers  which  proved  to  be  positive  and  negative  in  each  place. 
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Jfumbtr    of  Outtunt   examined  from  April  1,  1896,  to  Mardt  31,  2897— 
Concluded. 


1 

1 

1 

1 

s 

K«wton 

11 

« 

T«wkibory 

1 

VanhAdan 

W 

11 

TowiMend 

- 

» 

■ 

WakcHtli] 

II 

Sor-ell 

0 

» 

Wan, 

S 

1 

Wuna 

1 

F-bod, 

1 

1 

a 

PHUIUhl 

1 

WbIUbiUo 

Il«klu«i 

, 

J 

1 

B"lln<UI« 

1 

1 

W-JTHOMh. 

1 

"•!«• 

a 

30 

It 

Sngiu. 

I 

WiDiitwMr, 

M 

Bblrl*f 

a 

WInlhrop 

fl 

SooHrrrllle 

M 

u 

Wobum 

TolU 

a 

TiddMd, 

■M 

m 

In  addition  to  the  foregoing  table  another  list  is  presented  io 
which  the  information  relates  to  those  cultures  which  were  examined 
in  order  to  determine  the  question  of  the  release  of  the  patient  from 
isolation  or  quarantine.  The  length  of  time  during  which  the  bacilli 
of  diphtheria  persisted  is  given  in  weeks. 


Persistence  of  Diphtheria  BaeiUt  in  the  Throat  from  the  Date  qfthe  EarUeit 
Symptoms  {induding  all  Cases  wJiere  CuUurea  for  Urease  ioer«  made,  i^ 
to  June  23, 1897). 

Adamt  arid  North  Adams. 

1  case  bacilli  found  at  eod  of  ...,.■■  1  week. 

1  case  bacilli  found  at  end  of S  weeks. 

4  cases  bacilli  found  at  end  of 8  weeks. ' 

1  case  bacilli  found  at  end  of 5  weeks, 

1  case  bacilli  found  at  end  of 6  weeks. 
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Beverly. 


5  cases  bacilli  found  at  end  of 
7  cases  bacilli  found  at  end  of 
2  cases  baoilli  found  at  end  of 
2  cases  bacilli  found  at  end  of 
2  cases  bacilli  found  at  end  of 
1  case  bacilli  found  at  end  of . 
1  case  bacilli  found  at  end  of . 

1  case  bacilli  found  at  end  of . 

2  cases  bacilli  found  at  end  of 


1  week. 

2  weeks. 

3  weeks. 

4  weeks. 

5  weeks. 

7  weeks. 

8  weeks. 

10  weeks. 

11  weeks. 


23  cases. 

Chelsea, 

4  cases  bacilli  found  at  end  of        ...«••  1  week. 

3  cases  bacilli  found  at  end  of 2  weeks. 

4  cases  bacilli  found  at  end  of 3  weeks. 

11  cases. 

Danvers. 

1  case  bacilli  found  at  end  of 3  weeks. 

4  cases  bacilli  found  at  end  of 4  weeks. 

1  case  bacilli  found  at  end  of 5  weeks. 

1  case  bacilli  found  at  end  of 7  weeks. 

1  case  bacilli  found  at  end  of 8  weeks. 

1  case  bacilli  found  at  end  of 10  weeks. 


9  cases. 

8  cases  bacilli  found  at  end  of 
12  cases  bacilli  found  at  end  of 
10  cases  bacilli  found  at  end  of 
2  cases  bacilli  found  at  end  of 
2  cases  bacilli  found  at  end  of 
4  cases  bacilli  found  at  end  of 
2  cases  bacilli  found  at  end  of 
1  case  bacilli  found  at  end  of  . 
1  case  bacilli  found  at  end  of  . 
1  case  bacilli  found  at  end  of  . 


Everett 


2  weeks. 

3  weeks. 

4  weeks. 

5  weeks. 

6  weeks. 

7  weeks. 

8  weeks. 

9  weeks. 
10  weeks. 
13  weeks. 


43  cases. 
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Fitchburg, 


5  cases  bacilU  found  at  end  of 

7  cases  bacilli  found  at  end  of 

8  cases  bacilli  found  at  end  of 
2  cases  bacilli  found  at  end  of 
2  cases  bacilli  found  at  end  of 
1  case  bacilli  found  at  end  of  . 
1  case  bacilli  found  at  end  of  . 

1  case  bacilli  found  at  end  of  . 

2  cases  bacilli  found  at  end  of 


1  week. 

2  weeks. 

3  weeks. 

4  weeks. 

6  weeks. 

7  weeks. 

8  weeks. 

10  weeks. 

11  weeks. 


23  cases. 

1  case  bacilli  found  at  end  of  . 
4  cases  bacilli  found  at  end  of 
6  cases  bacilli  found  at  end  of 
4  cases  bacilli  found  at  end  of 
1  case  bacilli  found  at  end  of  . 
1  case  bacilli  found  at  end  of  . 
1  case  bacilli  found  at  end  of  . 
1  case  bacilli  found  at  end  of  . 


Hingham* 


1  week. 

2  weeks. 

3  weeks. 

4  weeks. 

5  weeks. 

6  weeks. 

7  weeks. 
10  weeks. 


19  cases. 

2  cases  bacilli  found  at  end  of 
2  cases  bacilli  found  at  end  of 
4  cases  bacilli  found  at  end  of 
4  cases  bacilli  found  at  end  of 
2  cases  bacilli  found  at  end  of 
1  case  bacilli  found  at  end  of  . 


Hyde  Park, 


2  weeks. 

3  weeks. 

4  weeks. 
b  weeks. 

6  weeks. 

7  weeks. 


15  cases. 


1  case  bacilli  found  at  end  of 


Lexington. 


2  weeks. 


MarbUhead. 


1  case  bacilli  found  at  end  of  . 

2  cases  bacilli  found  at  end  of 


2  weeks. 
4  weeks. 


3  cases. 


No.  34.] 


DIPHTHERIA  CULTURES. 


695 


Marlborough. 

1  case  bacilli  found  at  end  of 3  weeks. 

1  case  bacilli  found  at  end  of 4  weeks. 

1  case  bacilli  found  at  end  of 5  weeks. 

2  cases  bacilli  found  at  end  of 7  weeks. 

5  cases. 

JiiUon.     . 

1  case  bacilli  found  at  end  of 1  week. 

8  cases  bacilli  found  at  end  of .2  weeks. 

2  cases  bacilli  found  at  end  of 3  weeks. 

6  cases. 

New  Bedford. 

3  cases  bacilli  found  at  end  of 2  weeks, 

2  cases  bacilli  found  at  end  of 3  weeks. 

5  cases. 

Nonoell, 
1  case  bacilli  found  at  end  of 3  weeks. 

1  case  bacilli  found  at  end  of 19  weeks. 

2  cases. 

Salem. 

4  cases  bacilli  found  at  end  of 1  week. 

3  cases  bacilli  found  at  end  of 2  weeks. 

3  cases  bacilli  found  at  end  of 3  weeks. 

1  case  bacilli  found  at  end  of 6  weeks. 

11  cases. 

Somerville. 

5  cases  bacilli  found  at  end  of 2  weeks. 

4  cases  bacilli  found  at  end  of 3  weeks. 

2  cases  bacilli  found  at  end  of 4  weeks. 

1  case  bacilli  found  at  end  of 5  weeks. 

12  cases. 

South  Hanover. 
1  case  bacilli  found  at  end  of 3  weeks. 
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TaufUon. 


2  cases  bacilli  foood  at  end  of 

3  cases  bacilli  found  at  end  of 
6  cases  bacilli  found  at  end  of 
2  cases  bacilli  found  at  end  of 
1  case  bacilli  found  at  end  of  • 
1  case  bacilli  found  at  end  of  . 
1  case  bacilli  found  at  end  of  • 

1  case  bacilli  found  at  end  of  . 

2  cases  bacilli  found  at  end  of 

18  cases. 


1  week. 

2  weeks. 

5  weeks. 
4  weeks. 

6  weeks. 
6  weeks. 

8  weeks. 

9  weeks. 
14  weeks. 


WinchesUr, 

1  case  bacilli  found  at  end  of 2  weeks. 

1  case  bacilli  found  at  end  of 11  weeks. 

2  cases. 

WtUerioton, 

1  case  bacilli  found  at  end  of 1  week. 

1  case  bacilli  found  at  end  of 2  weeks. 

2  cases. 

« 

The  following  circular  of  information  was  issued  by  the  Board 
and  sent  to  local  boards  of  health  throughout  the  State :  ^ 


TnE  Diagnosis  of  Diphtheria  bt  Means  of  Cultures. 

[A  Circular  of  the  State  Board  of  Health  of  Mauachnaetti.] 

The  term  ^^  diphtheria  "  is  now  by  common  consent  confined  to  those 
affections  of  the  throat,  nose,  larynx  and  trachea  which  are  associated  with 
the  bacillus  of  diphtheria.  Affections  resembling  diphtheria  clinically,  bot 
not  traceable  to  diphtheria  bacilli,  appear  to  be  common.  According  to 
extended  studies,  especially  those  of  Park  of  New  York^  the  mortality  of 
such  affections  is  quite  low.  The  importance  of  determining  promptly  in 
all  throat  affections  whether  the  diphtheria  bacillus  is  present  or  not  is 
threefold. 

1.  The  use  of  antitoxin  is  not  infrequently  based  upon  the  diagnosis, 
although  in  all  cases  which  begin  with  threatening  symptoms,  and  which 
the  physician  considers,  clinically,  as  diphtheria,  it  is  far  wiser  to  use  the 
antitoxin  at  once  rather  than  wait  twenty-four  hours. 
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2.  A  more  important  use  of  a  correct  diagnosis  is  in  the  application  of 
measures  designed  to  prevent  the  further  spread  of  diphtheria  to  the  healthy 
members  of  the  afflicted  household  and  to  children  in  school. 

3.  At  the  present  time  it  is  further  desirable  to  collect  accurate  statis- 
tical evidence  of  the  efficacy  of  the  antitoxic  serum,  and  this  evidence  is 
not  valuable  unless  the  nature  of  the  cases  treated  with  it  is  definitely 
known.  This  is  clear  from  the  fact  that  antitoxic  serum  is  directed  only 
against  affections  produced  by  the  bacillus  of  diphtheria,  and,  so  far  as 
known,  it  has  not  the  power  of  neutralizing  the  products  of  other  poisonous 
pathogenic  bacteria. 

The  Massachusetts  State  Board  of  Health  is  now  prepared  to  make  the 
diagnosis  of  diphtheria  by  means  of  cultures.  The  method  adopted  is  that 
first  introduced  into  New  York  city  by  its  board  of  health.  A  box  con- 
taining a  culture  tube  and  a  swab  is  sent  out.  The  attending  physician 
prepares  the  culture  in  accordance  with  printed  directions  accompanying 
every  box.  After  the  culture  tube  has  been  inoculated  from  the  throat  of 
the  patient  and  the  accompanying  blank  filled  out,  both  are  returned  with- 
out delay  by  express  or  messenger  to  the  State  Board  of  Health,  Room 
141,  State  House,  Boston. 

The  cultures,  under  favorable  conditions,  will  be  ready  for  examination 
on  the  morning  after  the  receipt  of  the  box,  and  a  message  wUl  be  sent  out 
as  soon  as  the  examination  has  been  completed.  A  telegram  or  telephone 
message  will  be  sent  if  so  desired,  but  it  is  expected  that  all  express,  tele- 
graph and  telephone  charges  will  be  at  the  expense  of  the  local  boards  of 
health  or  physicians  from  whom  the  requests  for  bacteriological  examina- 
tions are  received. 

The  success  of  the  diagnosis  will  depend  largely  upon  the  care  exercised 
by  the  physician  in  making  the  inoculation.  The  directions  accompanying 
the  tubes  should  be  consistently  followed  out,  and  a  special  effort  should 
be  made  to  bring  the  swab  in  contact  with  any  existing  exudate.  The 
failure  of  the  culture  may  be  due  to  a  number  of  causes.  The  membrane 
may  be  low  down,  beyond  the  reach  of  the  swab ;  *  antiseptics  may  have 
been  applied  to  the  throat  shortly  before  the  culture  was  made ;  the  culture 
medium  used  may  be  too  old  and  too  dry  to  favor  the  growth  of  the  im- 
planted bacteria,  or  it  may  have  been  contaminated  with  bacteria  before 
use.  The  dryness  of  the  nutrient  serum  shows  itself  by  a  marked  con- 
cavity of  the  surface  to  be  inoculated  (a  slight  concavity  being  usually 
present),  any  foreign  growth,  by  spots  on  the  smooth,  whitish  surface  of 
the  serum.  Such  tubes  should  not  be  used  if  others  are  accessible,  but  re- 
turned promptly.  The  physician  inoculating  the  tube  may  injure  the  cult- 
ure by  careless,  clumsy  handling  of  the  swab,  thrusting  it  into  the  culture 


*  In  cases  of  membranous  cronp  the  diphtheria  bacilli  are  more  lilcelj  to  be  foond  in  cnltnres 
Arom  the  throat  later  on  in  the  disease,  probablj  because  they  have  been  conghed  np. 
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mediam  and  breaking  it  up  instead  of  gently  nibbing  it  over  the  surface. 
The  aocuracy  of  the  culture  diagnosis  thus  depends  largely  on  the  phjsician 
inoculating  the  tube,  and  it  would  be  to  the  advantage  of  all  conoemed  if 
the  suggestions  herein  contained  and  the  directions  accompanying  the  box 
were  carefully  studied  before  the  culture  test  is  made. 

The  bacteria  encountered  on  the  mucous  membranes  of  the  throat  are  of 
several  kinds:  (1)  micrococci  (staphylococci  and  streptococci),  usually 
regarded  as  the  cause  of  the  mild,  non-diphtheritic  anginas,  and  present  to 
a  greater  or  less  extent  in  all  throats ;  (2)  bacilli  not  easily  distinguishable 
from  the  true  diphtheria  bacilli  and  usually  denominated  pseudo-diphtheria 
bacilli ;  and  (3)  the  genuine  diphtheria  bacilli. 

It  is  not  contemplated  by  this  service  to  furnish  a  guide  for  the  use  of 
diphtheria  antitoxin,  because  of  the  delays  which  may  be  anticipated  in  the 
transmission  of  the  boxes  from  one  portion  of  the  State  to  another.  The 
object  of  the  culture  diagnosis  will  be  to  supply  the  physician  or  health 
officer  with  a  more  reliable  guide  than  can  be  furnished  by  the  clinical 
diaguosis  in  preventing  the  spread  of  the  disease  through  the  household  and 
thence  into  the  community.  Until  information  has  been  received,  suspected 
cases  should  always  be  treated  as  true  diphtheria,  and  the  precautions  taken 
which  are  laid  down  in  another  circular  of  information  on  this  disease  rela- 
tive to  isolation  and  disinfection.  The  administration  of  diphtheria  anti- 
toxin should  not  be  delayed  until  the  return  notice  has  been  received  if  the 
case  is  one  which  arouses  apprehension,  since  the  efficacy  of  the  serum 
diminishes  with  the  progress  of  the  malady. 

The  persistence  of  diphtheria  haciUi  in  the  throat  of  recovered  persons  has 
been  frequently  demonstrated,  and  it  has  now  become  customary  in  cities  to 
examine  the  throat  after  recovery  to  determine  whether  or  not  the  infec- 
tious agent  is  still  present.  If  diphtheria  bacilli  are  found,  the  person  is 
still  in  a  position  to  disseminate  the  disease.  The  period  of  time  following 
the  disappearance  of  the  membrane  during  which  the  bacilli  are  still  present 
varies  from  case  to  case.  They  may  be  absent  on  the  day  following  the 
disappearance  of  the  membrane,  or  they  may  be  detected  for  weeks  there- 
after. 

Cultures  designed  to  reveal  the  presence  of  diphtheria  bacilli  after  the 
subsidence  of  the  disease  will  be  examined  in  special  cases  if  desired  by 
the  health  authorities  immediately  concerned.  In  all  oases  it  is  highly 
desirable  to  keep  children  out  of  school  for  at  least  two  weeks  after  recov- 
ery, and  to  warn  older  convalescents  not  to  kiss  children  and  to  guard 
themselves  for  several  weeks  against  any  act  which  would  favor  the  direct 
or  indirect  transfer  of  bacteria  from  their  mouths  to  those  of  others. 

State  House,  Boston,  March,  1896. 
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[Copy  of  blank  form  provided  with  each  caltare  outfit.] 

Diphtheria. 
No. 

City  or  town, 

Name  of  patient.  Age, 

Name  of  physician, 

Address  of  physician. 

Date  and  hour  of  culture, 

Date  of  earliest  symptoms, 

Location  of  exudate. 

Any  local  application  shortly  before  inoculation  of  culture  tube  ? 

Source  of  infection. 

Clinical  diagnosis, 

(Return  both  tobei  with  swab  and  this  aehednle  filled  oot.) 
RETURN  BOX   BT  EXPRESS  ONLY. 

All  charges  of  transmission  most  be  paid  by  the  local  anthoritiefl  or  by  the  persons  who  for- 
ward the  packages.  It  will  facilitate  the  toork  of  diagnosis  if  local  boards  and  physicians  \oiU 
inform  the  State  Board  as  to  the  mode  of  replying,  »*.  0.,  by  mail,  telephone  or  telegraph. 

In  order  to  ensure  promptness  in  replying,  it  is  desirable  that  culture  tubes  should  be  left 
at  the  office  of  the  Board,  Room  141,  State  House,  between  9  a.m.  and  4  p.m.,  and  on  Saturdays 
before  1  p.m. 
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MALARIA. 


The  prevalence  of  malaria  in  certain  portions  of  this  State  for 
some  years  past,  its  persistence  in  some  of  these  localities  and  the 
endemic  character  which  it  is  beginning  to  assume  make  the  posses- 
sion of  more  accurate  knowledge  concerning  its  genesis  and  diffusion 
a  thing  greatly  to  be  desired. 

The  hypotheses  hitherto  held  concerning  the  origin  of  malaria  in 
temperate  climates,  such  as  proximity  to  stagnant  waters  and  the 
upturning  of  the  soil,  undoubtedly  are  conditions  necessary  to  its 
genesis,  but  there  are  other  unknown  factors  which  only  future 
observation  and  study  can  bring  to  light.  Until  these  are  known, 
and  thereby  the  chain  of  events  which  mark  the  various  steps  in  the 
life  history  of  the  malarial  parasite  completed,  we  are  exposed  to  the 
danger  of  misinterpreting  the  significance  of  the  conditions  now  known 
and  giving  them  either  too  great  or  too  little  value  in  combating  the 
disease. 

The  necessity  for  more  information  is  thus  evident.     To  obtain 
this  from  different  parts  of  the  Sttite,  the  interest  of  physicians  must 
be  aroused  and  their  service  enlisted.     Only  the  practising  physician 
is  likely  to  become  cognizant  of  cases  of  this  ephemeral  and  sporadic 
disease.     He,  also,  is  likely  to  overlook  it  because  of  its  apparently 
slight  importance  or  to  confound  other  ailments  with  it.     Not  infre- 
quently it  is  dealt  with  in  silence  on  account  of  the  fear  that  a  knowl- 
edge of  its  prevalence  would  injure  the  attractiveness  and  prosperity 
of  the   infected   locality.     It   is   not  improbable  that  a  complete 
knowledge  of  the  genesis  of  malaria  will,  by  showing  all  the  factors 
involved,  relieve  just  such  localities  or  communities  of  the  odium 
involved,  because  it  must  show  a  way  out  of  the  difficulty.     Co-oper- 
ation in  such  investigation  is  therefore  the  duty  of  precisely  such 
localities  as  are  most  afflicted,  because  the  facts  there  obtainable  are 
best  adapted  to  a  successful  study  of  the  causation. 
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In  order  to  accomplish  the  object  of  gathering  information  and  at 
the  same  time  assisting  the  physicians  and  removing  the  facts  col- 
lected from  the  domain  of  guesswork,  the  microscopic  diagnosis  of 
malaria  by  an  examination  of  the  blood  was  made  a  part  of  the  reg- 
ular work  of  the  laboratory.  In  order  to  bring  this  work  to  the 
notice  of  physicians  and  to  instruct  them  in  the  method  of  preparing 
the  blood  films  the  following  circular  was  distributed  :  — 

Offiob  of  Statb  Board  of  Hbalth. 

The  Diagnosis  of  Malaria. 

The  evident  encroachment  of  malarial  diseases  upon  new  territory  and 
the  intensification  of  the  infection  in  certain  localities  make  it  of  importance 
to  search  more  thoroughly  than  has  been  done  heretofore  for  the  primary 
factors  concerned  in  the  dissemination  of  these  diseases. 

To  accomplish  this  purpose  in  part  an  accurate  knowledge  of  the  distri* 
bution  of  malaria  is  necessary.  This  requires  the  elimination  of  diseases 
or  conditions  often  called  malarial  which  are  due  to  other  causes,  and,  on 
the  other  hand,  the  recognition  of  cases  of  malaria  now  and  then  overlooked 
when  the  symptoms  are  not  sufficiently  typical. 

In  pursuing  the  investigation  of  malaria  the  State  Board  of  Health  pro- 
poses to  make  diagnoses  of  this  disease  whenever  called  upon  to  do  so. 
Since  it  has  been  definitely  shown  that  the  different  types  of  malarial  fever 
are  always  associated  with  certain  minute  organisms  within  the  red  cor- 
puscles of  the  blood,  the  method  of  diagnosis  is  restricted  to  the  microscopic 
examination  of  this  fluid.     The  following  procedure  will  be  used  :  — 

Cover-glasses,  in  small  boxes,  will  be  mailed  on  application  to  all  those 
who  may  expect  to  meet  malaria  during  the  warm  season.  These  are  to  be 
used  in  collecting  a  small  amount  of  blood  from  the  suspected  case  and 
forwarding  it  to  Room  141,  State  House,  Boston. 

The  blood  films  are  prepared  in  the  following  manner :  — 

The  tip  of  a  finger  or  the  lobe  of  one  ear  is  thoroughly  cleansed  with  soap 
and  water  and  dried  carefully.  If  desired,  the  part  may  also  be  washed 
with  alcohol  and  ether  to  remove  any  remaining  scales  or  oily  matter.  An 
ordinary  surgeon's  needle,  previously  passed  through  the  flame  of  an  alco- 
hol lamp  or  a  gas  burner  or  held  over  the  chimney  of  a  kerosene  lamp  for  a 
few  seconds  to  sterilize  it,  is  used  to  prick  the  part  until  a  small  drop  of 
blood  exudes.  This  may  be  wiped  away  with  a  clean  cloth  and  the  second 
drop  used.  This  is  touched  with  the  edge  of  a  cover-glass  and  the  edge 
carrying  the  drop  placed  on  a  second  cover  at  an  angle  of  20  to  80  degrees 
and  drawn  across  its  entire  face.  A  thin  film  of  blood  will  be  deposited  on 
the  second  cover  which  dries  rapidly.     Three  or  four  such  films  should  be 
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prepared  if  possible,  each  one  from  a  freshly  exuding  drop,  and  laid  down 
to  dry.  A  slight  manipulation  of  the  part  pricked  will  caoae  the  blood  to 
oontinae  to  ooae  from  the  same  panetare  until  the  necessary  preparations 
have  been  made.  The  points  to  be  borne  in  mind  in  this  operation  are 
great  cleanliness,  rapidity  of  work  and  the  use  of  a  fresh  drop  of  blood,  as 
the  corpuscles  shrivel  soon  after  exposure  to  the  air.  Everything  should 
be  put  in  readiness  and  within  reach  before  the  skin  is  pricked,  to  avoid 
delay  in  making  the  films. 

The  film  should  be  very  thin  so  that  the  corpuscles  may  be  fixed  almost 
instantly  on  the  glass  by  drying.  The  thinner  the  film,  other  things  being 
equal,  the  more  perfect  the  preservation  of  the  corpuscles.  A  thin  film  can- 
not be  obtained  from  a  large  drop  of  blood,  hence  the  operator  should  not 
wait  until  the  exuding  drop  becomes  too  unwieldy.  It  is  better  to  wipe 
away  a  large  droi>  and  work  with  the  following  smaller  one.  When  the 
oover-glasses  are  thoroughly  dry  —  and  this  should  not  require  more  than 
fifteen  to  thirty  seconds  —  they  are  wrapped  separately  in  the  paper  pro- 
vided and  replaced  in  the  box.  This  should  be  filled  with  the  paper  so  that 
the  glasses  cannot  move  about.* 

Slides  may  be  used  in  place  of  cover-glasses  by  those  preferring  them. 
The  manipulation  is  the  same  as  with  cover-glasses.  The  edge  of  one, 
charged  with  the  drop  of  blood,  is  drawn  rapidly  but  steadily  over  the  face 
of  the  other  at  an  angle  of  20  to  80  degrees.  The  slides  must  be  sorupu- 
lously  clean.  Drawing  them  rapidly  through  a  flame  often  destroys  the  film 
of  grease  when  other  means  have  failed  to  remove  it.  The  edges  of  the 
slide  which  receives  and  distributes  the  blood  should  be  ground,  or,  at  any 
rate,  very  even,  otherwise  the  film  will  be  imperfect. 

The  best  time  for  taking  the  blood  is  during  a  chill,  or,  in  doubtful  eases, 
when  the  suspicious  symptoms  are  most  pronounced.  Since  quinine  has  a 
destructive  effect  upon  malarial  parasites,  films  prepared  after  the  adminis- 
tration  of  this  drug  may  not  contain  these  organisms  in  numbers  suflScient 
to  be  detected  and  the  microscopic  diagnosis  may  be  misleading. 

The  accompanying  blank  should  in  all  cases  be  filled  out  and  returned 
with  the  preparations  of  blood. 

Statb  Housb,  BosToic,  May,  1896. 

The  blank  which  is  to  be  filled  out  contained  the  following 
queries :  — 


*  PbjsidAnfl  are  cautioned  againit  laying  coTers  together  with  the  drop  of  blood  between 
them  and  tending  them  in  this  condition.  Nor  should  they  be  placed  together,  fkoe  to  faoe,aod 
then  drawn  apart,  as  for  some  kinds  of  bacteriological  work. 
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Malaria. 

1.  No. 

2.  Locality, 

3.  Name  of  patient,  Age, 

4.  Name  of  physician, 

5.  Address  of  physician, 

6.  Symptoms  of  the  case, 

7.  Probable  source  of  infection  if  any  suspected, 

8.  Date  of  season  of  last  former  attack,  if  any, 

9.  Date  of  preparations  and  relation  in  time  to  chill,  if  any, 

10.    Any  quinine  or  other  medicine  administered  before  preparation  of  films. 
Remarks : 

Of  these  questions  Nos.  8  and  9  deserve  a  passing  notice.  In 
tracing  the  distribution  of  malaria  it  is  evidently  necessary  to  dis- 
tinguish between  patients  who  have  never  before  been  affected  and 
those  who  have  had  attacks  before.  Since  the  malarial  parasite 
very  probably  lives  in  the  blood  for  a  variable  or  indefinite  period 
of  time  after  the  symptoms  of  an  attack  have  passed  by,  the  renewed 
outbreak  of  the  disease  must  not  be  interpreted  necessarily  as  a 
fresh  infection  although  it  may  be.  The  past  history  of  the  patient 
should  therefore  be  carefully  noted.  Since  the  blood  parasite  varies 
in  size  and  appearance  at  different  intervals  after  the  chill  or  par- 
oxysm, the  microscopist  should  know  how  many  hours  after  the  last 
or  before  the  expected  chill  the  blood  films  have  been  prepared,  so 
as  to  be  guided  by  this  information  during  the  examination. 

In  response  to  this  circular  preparations  from  57  patients  have 
been  sent  in  for  examination  between  April  1,  1896,  and  April  1, 
1897.  The  experience  gained  in  looking  over  these  preparations, 
as  well  as  those  sent  in  before  and  after  the  year  as  limited  above, 
has  revealed  certain  difficulties  of  a  minor  character.  In  the  first 
place,  the  microscopist  is  limited  to  the  blood  films  taken  at  some 
one  moment  and  is  unable  to  repeat  the  examination  if  desirable,  as 
is  the  case  in  hospitals  and  private  practice.  If  the  preparations 
have  been  hastily  made  or  without  following  carefully  the  directions 
given  the  blood  films  are  frequently  of  little  or  no  use.  Again,  the 
physician,  being  called  usually  during  a  chill,  is  not  likely  to  reach 
the  patient  until  this  has  subsided.  The  blood  films  sent  are  thus 
usually  made  soon  after  a  chill,  when  the  recognizable  parasites  are 
fewest  and  smallest  in  the  whole  cycle  between  consecutive  chills. 
But  this  is  not  a  serious  obstacle  and  the  diagnosis  can,  as  a  rule, 
be  made. 
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The  result  of  the  examination  of  the  preparations  is  best  shown 
in  the  following  table  :  — 


Nnmbcr 
of  Pattonti. 


PotitlT*. 


Ayer,  . 
Dorchester, 
East  Douglas, 
Everett, 
Hyde  Park, 
Leicester,    . 
Northbridge, 
Norwood,   . 
Uxbridge,  . 
Waltham,   . 


2 

1 

1 

1 

3 

— 

1 

. 

5 

. 

1 

— 

1 

1 

1 

m. 

41 

24 

1 

1 

3 
1 
5 
1 

1 
17 


Of  preparations  from  57  patients  those  from  28  contained  malarial 
organisms.  Lest  this  low  percentage  of  positive  cases  might  be 
used  as  a  witness  against  the  efficiency  of  the  method  it  should  be 
stated  that  among  these  cases  are 

1.  Several  who  were  affected  with  some  other  malady  but  upon 
which  the  physician  hoped  to  get  light  from  the  examination  of  the 
blood. 

2.  A  number  of  cases  in  which  the  physician  himself  failed  to 
make  a  positive  diagnosis  from  the  clinical  side. 

3.  A  considerable  number  in  which  quinine  had  been  given  be- 
fore the  preparation  of  the  films. 

4.  One  old  case  without  symptoms. 

5.  Five  cases  examined  in  midwinter. 

6.  A  certain  number  from  which  imperfect  films  were  received. 
These  though  somewhat  doubtful  were  classed  as  negative. 

A  further  analysis  of  these  cases  will  not  be  attempted  at  the 
present  time  but  left  until  more  material  has  accumulated.  Such 
analysis,  however,  would  show  that  in  from  5  to  10  per  cent,  of  all 
the  eases  examined  the  diagnosis  was  of  great  value  to  the  physician 
in  charge  in  clearing  up  at  once  the  obscure  character  of  the  malady. 
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Sputum  and  Other  Materul  suspected  of  Contain- 
ing THE  Bacilli  of  Tuberculosis. 
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•1 


4 
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EXAMINATIONS  OF  SPUTUM  AND  OTHER  MATERIAL 
SUSPECTED  OF  CONTAINING  THE  BACILLI 

OF  TUBERCULOSIS. 


The  following  table  presents  the  results  of  examination  of  sputum 
and  other  material  forwarded  to  the  Board  from  diflferent  cities  and 
towns  for  the  purpose  of  determining  the  presence  or  absence  of  the 
bacilli  of  tuberculosis. 

The  whole  number  of  specimens  examined  was  124  and  the  re- 
sults were  as  follows  :  — 

Tabular  StcUemerU  of  Examinations  made  by  the  Board  for  determining  the 
Presence  or  Absence  of  the  BaciUi  of  Tuberculosis  in  Sputum  or  Other  Material 
presented  for  Such  Examination, 


L 

Malbs. 

Femalm. 

SsxwotStatbd. 

TOWH. 

Number  of  ( 

4 

1 

• 

1 

! 

• 

2 

• 

► 
1 

Abington, . 
Adams, 

2 
6 

- 

2 
1 

2 

2 

- 

. 

Arlin^D, 
Attleborough,  . 
Boston, 

7 
5 
2 

2 

1 
2 

1 

2 

2 

1 

1 

— 

Brockton, . 

6 

— 

2 

— 

1 

1 

1 

Canton,     . 

1 

• 

— 

"* 

— 

- 

Chelsea,    . 

1 

— 

- 

— 

— 

— 

Cambridge, 
Clinton,     . 

2 
1 

— 

1 

1 

— 

1 

Danvers,  . 

12 

2 

8 

8 

2 

1 

Dedham,  . 

1 

- 

— 

— 

- 

-  - 

Everett,     . 

8 

— 

4 

1 

1 

2 

— 

Fall  River, 

1 

— 

- 

— 

— 

_ 

Fairhaven, 

1 

— 

— 

- 

— 

1 

— 

Franklin,  . 

2 

1 

— 

- 

— 

- 

Hyde  Park,       . 
Haverhill, 

1 

6 

1 

2 

1 

1 

1 

^ 

Hanover,  . 

1 

— 

— 

1 

— 

- 

- 

Maiden,     . 

1 

•^ 

• 

— 

— 

— 

1 

Melrose,    . 

2 

— 

1 

— 

— 

— 

New  Bedford, 

25 

6 

5 

4 

9 

1 

Norwood, . 

2 

— 

1 

. 

1 

—          — 

Newton,    . 

1 

— 

— 

1 

— 

—          — 

Peabody,  . 
Rockland, . 

1 
9 

2 

1 
1 

1 

5 

1 

Salem, 

2 

1 

— 

1 

- 

1 

Stoneham, 

2 

1 

- 

— 

1 

— 
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Tabular  Slalement  of  BxaminaHoiu  made  by  At  Board  for  determining  Ike 
Preicnee  or  Absence  of  the  BaeilK  of  Tubereuloait  in  Sputum  or  Other  Material 
presented  for  SwcA  £ioiii»iw(vw»— Concluded. 


|1 

MlLU. 

T»^ 

.««.»..». 

TOW,. 

1 

! 

1 

1 

1 

i 

SomeiTille,       . 

TmuDton,  . 

Uibridge, 

Watertown 

■Ware. 

"West  BridgewBler, 

Woburn,   . 
Wevmoiith. 
Winchester,      . 

1 

9 

- 

1 

s 

1 
1 
1 
1 
1 
I 

8 

1 

1 

: 

: 

184 

26 

28 

26 

32 

9 

i 

Distribution  by  Agea. 


Nu»^^ 

^^ 

Miaattn. 

Belween  ihe  ngo  of    I-IO 
Between  the  age  of  10-80 
Belween  the  nge  of  20-3( 
Between  the  age  of  30-40 
Between  the  nge  of  40-60 
Between  Ihe  age  of  50-6C 
Between  the  age  of  60-70 
Between  Ihe  age  of  70-80 
Ages  nnknown, . 

4 
9 
34 
20 
20 
3 
1 
1 
82 

1 

8 
80 

7 
18 

8 

16 

14 
IS 

16 

Total,  .        . 

124 

61 

68 

Distribution  by  Sexes. 


1  '""■ 

M^ 

Dak^n. 

Numlicr  cases  examined  (posilive).     .        .  1      60 
Numher  cases  examined  (negative),    .        .64 

26 

28 

86 
38 

4 

A  circular  was  issued  to  local  boards  of  health  containiDg  the 
necessary  iDformatioa  upon  this  point,  of  which  the  following  is  a 
copy :  — 
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Office  op  State  Board  op  Health,  November,  1896. 

The  Exabonation  of  Sputum  for  Tuberclb  Bacilli. 

The  microscopio  examination  of  sputum  for  tubercle  bacilli  will  be  made 
by  the  State  Board  of  Health  for  those  desiring  it.  A  small  quantity, 
preferably  not  more  than  one-half  ounce,  should  be  sent  in  a  small,  wide- 
mouthed  bottle,  suitably  protected  against  breakage,  by  express  or  messen- 
ger to  Room  141,  State  House,  Boston. 

Small  glass  receptacles,  properly  packed,  will  be  sent  on  application. 

To  ensure  material  for  a  satisfactory  diagnosis,  the  patient  should  be 
requested  to  reserve  only  that  sputum  which  is  coughed  up  from  the  air 
tubes  and  lungs  and  to  reject  secretions  from  pharynx  and  throat.  To  do 
this  the  throat  should  be  thoroughly  cleared  first,  and  only  the  masses  sub- 
sequently expectorated  reserved. 

Since  tubercle  bacilli  are  quite  resistant,  and  demonstrable  in  sputum  for 
some  time  after  it  has  been  expectorated,  any  great  haste  in  sending  it  is 
not  called  for.  It  should,  however,  be  sent  as  promptly  as  possible, 
especially  in  warm  weather. 

The  object  of  the  examination  of  sputum  is  not  so  much  to  enable  the 
physician  to  make  an  early  diagnosis  as  to  protect  the  public  from  mani- 
festly infectious  sputum.  The  Board  does  not  hold  itself  responsible, 
therefore,  for  the  occasional  non-discovery  of  tubercle  bacilli  when  they 
are  present  in  very  small  numbers. 

The  repeated  and  varied  examination  of  sputum  found  free  from  bacilli 
after  the  usual  methods  of  staining  have  been  carefully  applied  will  not  be 
undertaken  excepting  under  certain  not  at  present  definable  conditions. 

Examination  of  sputum  for  special  morphological  constituents,  for 
pneumonia  and  influenza  germs,  is  also  beyond  the  scope  of  this  work,  and 
will  only  be  undertaken  when  the  public  health  warrants  it. 

The  following  blank  form  should  be  filled  and  returned  with  each 
specimen  forwarded  to  the  office  of  the  Board :  — 

TUBEHCULOSIS. 

1.  No. 

2.  Name  of  patient,  Age, 
8.    Address, 

4.  Occupation, 

5.  Name  and  address  of  attending  physician  or  of  sender, 

6.  Sputum,  when  discharged, 

7.  Clinical  diagnosis, 

8.  Duration  of  disease, 

9.  Any  other  cases  in  the  same  household? 
10.  Remarks : 
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NoTB.— The  birth,  death  and  nutrrUge  ratee  are  Indleated  by  the  ftnt,  aeeoiid  and 
fourth  Irregnlar  linea  In  the  diagram,  and  repreeent  the  ratio  per  tboniaDd  of  the  IMng 
popnlation,  the  aeale  being  at  the  left  elde  of  the  diagram.  The  Infantile  death-rate  to 
■hown  by  the  third  Irregular  line,  and  repreeenta  the  ratio  of  the  deatha  under  one  to  the 
living  births  per  thouaand ;  the  aeale  for  thla  line  la  at  the  right  aide  of  the  diagram. 


THE  VITAL  STATISTICS  OF  MASSACHUSEHS. 

A  PORTY  YEARS'  SUMMARY. 


By  Samuel  W.  Abbott,  M.D.,  Secretary  of  the  Board, 


The  occurrence  of  a  census  year  aflfords  an  opportunity  for  the 
presentation  of  the  vital  statistics  of  a  community  with  more  than 
usual  accuracy.  Each  census  year  forms  a  milestone  or  point  of 
departure  in  the  life  history  of  the  State,  and  the  data  collected  in 
such  a  year  may  be  used  as  standards  of  reference  from  which,  with 
proper  limitations,  conclusions  may  be  formed  with  a  degree  of  cer- 
tainty which  cannot  be  applied  to  the  statistics  of  intervening  years. 

In  the  present  summary  of  the  marriages,  births  and  deaths  which 
occurred  in  the  forty-year  period,  1856-95,  the  methods  employed 
are  similar  to  those  which  were  adopted  in  the  brief  summaries  of 
the  statistics  of  1893  and  1894,*  but  with  greater  fulness  of  detail, 
especially  in  those  particulars  which  are  of  the  greatest  interest  and 
value  to  physicians  and  health  officials. 

Dr.  Longstaff,  in  commenting  on  the  value  of  vital  statistics,  says : 
**  The  numerous  and  very  voluminous  reports  on  the  very  dusty 
shelves  of  the  library  of  the  Statistical  Department  of  the  General 
Begister  Office  form  a  vast  reservoir,  into  which  a  ceaseless  stream 
of  facts  has  been  flowing  for  more  than  half  a  century." 

The  usefulness  of  these  myriads  of  facts,  which  likewise  in  Massa- 
chusetts have  been  accumulating  for  more  than  half  a  century, 
depends  largely  upon  the  carefulness  and  the  clearness  with  which 
the  compiler  treats  them,  and  upon  the  judicious  selection  which  he 
makes  of  the  material  in  his  possession. 

First  in  order  in  the  present  summary  the  subject  of  population  is 
presented,  since  upon  the  number  and  distribution  of  the  population 
by  sexes,  ages,  races  and  density  depends  very  largely  the  value  of 
the  observations  which  are  made.     Absolute  numbers  have  a  definite 

*  Pobliflbed  in  the  twenty-sixth  and  twenty-seventh  annual  reports  of  the  Board. 
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value,  but  this  value  is  very  much  enhanced  when  relative  numbers 
are  also  given,  such,  for  example,  as  the  ratio  obtained  by  compar- 
ing the  deaths  from  any  disease  at  any  age  of  life  with  the  numbers 
of  the  living  at  the  same  age. 

The  order  in  which  the  statistics  are  presented  (marriages,  births 
and  deaths)  has  been  adopted  in  conformity  with  the  general  usage 
of  nearly  all  countries  having  systems  of  registration,  and  because  it 
represents  the  order  of  events  in  each  family,  natural  as  well  as  soci- 
ological. 

In  earlier  periods  of  New  England  history  the  county  was  consid- 
ered as  an  important  factor,  but  at  the  present  time  the  county, 
statistically  considered,  is  of  much  less  importance,  while  the  city 
and  the  urban  population  are  yearly  assuming  greater  interest  as  the 
relative  numbers  of  the  urban  population  increase.  In  1842,  the 
first  year  of  registration,  the  population  of  towns  in  the  State  having 
10,000  inhabitants  in  each,  constituted  only  24  per  cent,  of  the  popu- 
lation. In  18i>5  the  population  of  this  chiss  had  increased  to  69  per 
cent,  of  the  whole.  Hence  county  statistics  will  be  but  little  used  in 
this  summary. 

Of  the  Accuracy  of  the  Material  collected  for  Publication  in  the 
Massachusetts  liegistration  Reports.  —  The  period  of  forty  years 
(185i)-9.'))  has  been  selected  for  consideration  for  the  reason  that  it 
presents  a  definite  portion  of  time  in  which  the  returns  of  vital 
statistics  of  the  cities  and  towns  may  be  deemed  to  be  fairly  accurate. 
The  returns  of  the  first  few  years  following  1842  are  more  or  less 
incomplete  and  untrustworthy,  but  those  of  the  forty  years  under 
consideration  must  be  considered  as  approximately  correct. 

With  reference  to  a  very  important  portion  of  the  returns,  that 
which  relates  to  the  causes  of  death,  the  following  comments  of  Dr. 
Longstaff  upon  the  registration  reports  of  England  are  so  fully 
applicable  to  our  own  statistics  that  we  take  the  liberty  to  quote 
them  nearly  verbatim  :  — 

I  have  been  more  and  more  convinced  of  the  value  of  the  figures,  and 
fully  believe  that  they  may  be  taken  as,  on  the  whole,  a  fair  approximation 
of  the  truth.  At  the  same  time  it  is  hardly  necessary  to  say  that,  like  all 
other  statistics,  they  require  care  and  knowledge  in  handling.  Witboat 
doubt  the  figures  relating  to  alcoholism,  venereal  diseases  and  perhaps 
insanity  are  almost  valueless  ;  but  that  does  not  prove  that  those  relating 
to  scarlet-fever,  pneumonia  or  cancer  are  equally  valueless.  Neither  does 
the  fact  that  a  large  number  of  certificates  are  carelessly  filled  invalidate 
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the  far  larger  number  that  are  more  tni8tworthy ;  indeed,  those  very  sources 
of  error  are  subject  to  laws,  and  are  more  or  less  constant  factors  of  the 
whole.  When  it  is  possible,  as  I  have  elsewhere  proved  it  to  be,  to  find 
general  laws  regulating  many  of  the  causes  of  death,  and  especially  mutual 
relations  between  these  causes,  and  relations  between  some  of  them  and 
various  external  phenomena,  the  only  possible  inference  that  I  can  deduce 
is  that  the  figures  dealt  with  are  the  expression,  more  or  less  accurate,  of 
facts  in  nature.  .  .  . 

But  in  spite  of  what  I  have  just  stated,  it  must  be  admitted  that  there 
are  numerous  fallacies  to  which  the  classification  of  deaths  according  to 
their  alleged  causes  is  liable.     They  are  :  — 

1.  In  a  number  of  cases  no  cause  of  death  is  specified  at  all. 

2.  (And  this  is  a  much  more  important  source  of  error.)  In  a  large 
number  of  cases  the  cause  is  stated  in  such  a  vague  or  indefinite  manner  as 
to  be  almost  valueless.  The  terms  "atrophy,"  "debility,"  "old  age," 
"  hemorrhage,"  "  dropsy,"  etc.,  give  but  little  information,  but  it  is  satis- 
factory to  note  that  from  the  beginning  of  the  reports  to  the  last  issued  the 
im[)rovement  in  this  respect  is  steady  and  continuous.  For  example,  very 
few  cases  are  now  returned  simply  as  "  dropsy,"  but  the  dropsy  is  referred 
to  disease  of  the  heart,  kidneys,  liver  or  ovaries.* 

3.  Where  the  cause  is  definitely  assigned,  there  is  good  reason  to  be- 
lieve that,  in  a  large  number  of  cases,  owing  to  carelessness,  ignorance  or 
desire  to  spare  the  feelings  of  relatives,  or  even  less  worthy  motives,  the 
causes  of  death  assigned  are  barely  approximately  correct.  The  returns 
themselves  indicate  that  this  source  of  error  is  also  diminishing. 

To  the  foregoing  should  also  bo  added  the  fact,  stated  Bomewhat 
diflFerenlly  by  Dr.  Longstaff,  that  medicine  is  a  progressive  science, 
and  that  the  frequent  discoveries  in  relation  to  the  natural  history 
of  diseases  necessitate  changes  in  the  terms  employed  to  designate 
them.  New  terms  are  introduced  in  every  decade,  and  the  nomen- 
clature and  classification  of  one  half  century  are  replaced  by  an  en- 
tirely new  system  in  the  next  half  century. 

The  sum  of  the  individual  records  treated  in  this  summary  for  the 
forty  years,  1856-95,  is  as  follows  :  — 

Marriages, 680,680 

Births, 1,780,872 

Deaths, 1,317,453 

Still  births 66,005 

Total, 8,785,010 

*  The  deaths  certified  in  MassachosetU  as  from  dropsy  in  1866  were  4S7.  Those  In  1895 
were  88. 
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Population. 

Population  coDstitutes  the  natural  bksis  of  vital  statistics  and 
hence  should  first  be  considered  in  the  treatment  of  the  subject. 

Orowih  of  the  Population. 

There  are  two  factors  which  aflfect  the  movement  of  the  popula- 
tion, either  in  an  increasing  or  a  diminishing  ratio.  First,  the  dif- 
ference between  the  births  and  deaths,  and  second,  the  difference 
between  the  number  of  immigrants  and  the  number  of  emigrants. 

The  growth  of  population,  consisting  in  the  excess  of  the  births 
over  the  deaths  is  usually  termed  the  natural  increase,  while  that 
which  consists  in  the  excess  of  immigrants  over  emigrants  cannot 
be  properly  termed  an  increase,  but  is  merely  a  transfer  from  one 
country  or  community  to  another. 

The  first  ship*s  company  of  a  few  score  persons  who  landed  at 
Plymouth  in  1620,  notwithstanding  an  enormous  death-rate  in  the 
first  few  years,  had  increased  in  one  hundred  and  foily-five  years  to 
239,764,  according  to  the  first  colonial  census  of  1765,  but  this  in- 
crease was  made  up  for  the  most  part  of  new  arrivals  from  beyond 
the  sea,  and  not  from  the  excess  of  births  over  deaths. 

During  the  forty  years  comprised  in  the  present  report  (1856-95) 
the  population  of  the  State  more  than  doubled,  the  increase  from 
the  census  of  1855  to  that  of  1895  amounting  to  1,367,814,  but  of 
this  number,  904,395,  or  nearly  two-thirds,  consisted  of  immigrants 
from  other  States  and  countries,  since  the  excess  of  births  over 
deaths  during  these  forty  years  amounted  to  only  463,419.  The 
growth  of  population,  therefore,  in  the  past  forty  years  may  be  said 
to  consist  of  the  excess  of  births  over  deaths,  and  the  migration,  in 
the  ratio  of  about  one  of  the  former  to  two  of  the  latter. 

In  the  following  table  (1)  are  presented  the  enumerated  popula- 
tions in  each  of  the  years  in  which  a  census  was  taken  (either 
colonial,  State  or  national).  The  annual  rates  of  increase  at  each 
intercensal  period  varied  from  a  minimum  of  .58  of  1  per  cent, 
annually  in  the  period  of  civil  war,  to  a  maximum  of  3.03  per  cent, 
in  the  period  1840-50. 

Sex.  —  In  the  next  table  (2)  is  presented  the  population  at  each 
census  by  sexes,  together  with  the  percentage  of  each  sex,  and  the 
ratio  of  females  to  1,000  males,  by  which  it  is  shown  that  the  females 
have  invariably  been  in  excess  at  each  census  enumeration,  the  least 
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differenco  occurring  at  the  census  of  1840,  whea  the  females  were  in 
the  ratio  of  1,U19  to  1,000  males,  nnd  the  greatest  difference  being  in 
ISG5,  when  the  females  were  in  the  rqlio  of  1,105  to  1,000  males. 
This  census  was  taken  just  at  the  close  of  the  war,  but  while  a  con- 
siderable portion  of  the  troops  had  not  yet  returned  home. 

If  the  growth  of  population  in  Massachusetta  be  reckoned  by  cen- 
turies, it  mny  be  said  to  have  increased  in  the  seventeenth  century, 
in  the  eighty  years,  1620  to  1700,  from  0  to  about  100,000  in  round 
numbers,  in  the  eighteenth  from  100,000  to  422,845  (one  hundred 
years),  and  in  the  nineteenth  from  422,845  to  2,500,183  (ninety-five 
years). 

The  descendants  of  the  Indians  of  MaBsachaBetts  are  now  less  than  800 
in  number,  and  are  mostly,  if  not  all,  of  mixed  blood. 

Table  1. —  Population  of  MoMochustUs  atid  Annual  Bate*  of  Incnate  (Oa>- 
melrie),  17fl5-189S,  compiled  from  Colonial,  United  Btalei  and  8laU  Certnu 
Beporls. 


ColoDinl,  1765,    . 
Coloninl,  1776,    . 
UuitedSlutes,_I790, 
United  StRteB,  1H00, 
United  SlaC«s,  1910, 
United  Stfltes,  1820, 
United  Status,  1830,    . 
United  States,  1840,    , 
United  Slates,  1850, 
StAl«,  1855, 
United  States,  1860, 
Stale,  1865, 
United  Stntea,  1870,    . 
Slate.  1875, 
United  Slates,  1880, 
State,  1885, 
United  Stales,  1890, 
State,  1895, 


239,764 
399,841 
978,787 
428,845 
473,040 
633,287 
610,408 
737,700 
994,514 
1,132,369 
1,231,066 
1,267,031 
1,457,351 
1,651,913 
1,783.085 
1,942,141 
2,2J8.943 
2,500,183 


2.  OS^- percent. 
1.68-}- per  cent. 
l.Il  percent. 
1.11  percent 
1.04  percent. 
1.56-|- percent. 
1.91+ percent. 
3.03-j- per  cant 

3.63  percent. 
1.68+ por  cent 

.68  percent. 
2.84  percent 

5. 64  percent. 
1.51  percent 
1.72+ percent 
3.88+ per  cent 
2.23+ percent 


e  tor  tb«  wbole  period,  I7SS-189S,  1.82  per  ceofc,  oi,  mora 
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Table  2.  —  Population  by  Sexes,  Massachusetts. 


Cbhscs  Tbabs. 


ToUL 


Males. 


Femfttoft. 


Per  Cent 
M. 


l^erCent. 

r. 


Femal^B  tn  8«x 

1,000  Males.-  not  8tolc4. 


1765,   . 

1776,  . 
1790,  . 
1800,  . 
1810,  . 
1820,  . 
1830,  . 
1840,  . 
1850,  . 
1855,  . 
1860,  . 
1865,  . 
1870,  . 
1875,  . 
1880,  . 
1885,  . 
1890,  . 
1895,  . 


288,195 

295,080 

878,787 

422,845 

472,040 

523,287 

610,408 

737,700 

994,514 

1,132,369 

1,231,066 

1,267,031 

1,457,351 

1,651,912 

1,783,085 

1,942,141 

2,238,943 

2.500,183 


105,042 

182,742 
2«>5,135 
229,742 
255,462 
297,826 
865,333 
488,517 
550,034 
596,718 
602,010 
703,779 
794.383 
858,440 
932,884 
1,087,709 
1,214,701 


109,747 

48.90 

51.10 

1,046 

190,582 

48.95 

51.05 

1,048 

211,258 

49.38 

50.62 

1,029 

23o,56l 

49.38 

50.62 

1,025 

267,697 

48.83 

51.17 

1,048 

312,188 

48.82 

51.18 

1,048 

372,367 

49.52 

50.48 

1,019 

505,997 

49.12 

50.88 

1,036 

582,335 

48.57 

51.48 

1,059 

634,353 

48.47 

51.58 

1,063 

665,021 

47.51 

52.49 

1,105 

753,572 

48.29 

51.71 

1,071 

857,529 

48.09 

51.91 

1,079 

924,645 

48.14 

51.86 

1,077 

1,009,257 

48.03 

61.97 

1.082 

1,151,234 

48.58 

51.42 

1,058 

1,285,482 

48.58 

51.42 

1,058 

23,406 

5,463 

6,452 

6,737 

128 

394 


Note.  — The  figures  for  each  of  the  ceDsuB  enamerations  prior  to  bat  not  indodlog  1820  pre- 
lent  the  numbers  uf  the  sexes  for  white  persons  only,  the  sex  of  colored  persons  beiofc  omiued 
in  the  published  returns.  In  the  returns  for  1765  there  appears  to  baTe  been  m  considenihle 
number,  in  addition  to  the  colored  population,  who  were  not  clatsified  by  tex.  The  total  pops- 
lation  at  the  oensui  of  1765  does  not  include  1.569  non-taxable  Indiana,  and  that  of  1776  dow 
not  include  4,761  colored  persons. 


No.  34.] 


VITAL  STATISTICS. 


719 


I 


.2 
."3 


to 


«5 


2 

•V* 


t 


Ui 

93 

■< 

H 


i 

o 

c 

M 
C 


I  •  •! 

■|5 


CO 


'  i 


^  §  3 

^     o      o 


09 


*"(0«»«t«iO<D<DO 


3 


w 


si 


I*  H 


o      « 

•-         CO 
CO         lO 


w 


s; 


64     n 


oo      o 


o 


:ii 


«^ 


«^ 


SI 


rt-5 


o  n  <D  ^ 

M  r-  »-  O 

^  00  C4  ^ 

a  »  «  « 


CI 


«p  a  a 

S  «  S  f-> 

«  *  •  ■ 

2       00       o»  ^^  "^  ^ 

«     •«  a»  o  ii4 


o 
n 


•A 
04 


(O      OO 

•■         r«         <p         OD 

k^     oe     a     o 


00         ^ 


S       S       M       f^ 

O        t-        *-        lO 


c< 


s?  s  s 


S 


§; 


o      ^ 
'^r      oe 


00         lA 


oo 


oo 

'i 


s 


3 


o      eo      ^      <o 

O      ^      o      9 


o      o      1^      •-      S      rt 

cooooo      —      •*ooo<*o 
f-if-ii-*e«e4e4C<eo^ 


2 

C4 


I 


e  -= 
M  ':i 


>9^ 


oo     a     « 


a      ^     »^ 
«      o 

00         !■> 


3 


o        •*       ©« 

g    SS    3 


•♦      •©      -r      o      BO      ^      lO      — 


CO 

o 


'»Ofc-oocsa-i'*-ae 
o^o«^-^^-a«o©*woo 

»*Cli--^tD«0O        —        C« 


s? 


(O 


*    > 


(J 


it 


or 

s 

o 


00 
-r 
rt 


a 

<k 

(O 


oo" 


18 

eo 
oc 


el      o 


00 


•r  «  o«  c« 
<D  i~  a  e 
r^     w^     w^     e* 


c* 


n 


CI 

OC 


C* 


o»     a 


ei? 


CO 

eo 


00 
CO 

I'- 


a 
eo 


<i     I       w^        1^        r^        r^        r^ 


•o  c«  00  a 

a  -*  t—  1^ 

•O  oo  aO  fM 

•k  »  <k  • 

—  —  O  T 

1-  00  a  ci 

^<  ^*  »H  W 


^ 

a 

CO 

a 

-♦ 

oe 

-♦ 

2? 

a 

CI 

a 

* 

CI 

^-« 

s? 

<o 

eo 

•o 

•o 

•o 
ou 

«k 

CO 


t«  oo  00  r» 

§^  s;  12  2 

A  »  •  A 

a  oD  CO  lO 

»-  »-  H  5? 


I- 


•o 
•o 


s  s 

oe 


(» 


00 


•o 
1- 


oo 


"Si 

(J 


S     '    S     *    8     '    S    a    5! 


•  • 


8 

• 

• 

s 

• 

• 

• 

• 

s 

• 

s 

• 

• 

C« 

• 

S 

a 

^4 

a 

8 

^ 

3 

s 

^ 
«# 

» 

p< 

»H 

M 

M 

M 

e« 

04 

e« 

c< 

M 

^ 
►- 

s 

g 

s 

a 

n 

e 

o 

«4 
00 

CO 

^ 

«# 

*♦ 

*♦ 

•e 

■o 

•e 

•e 

^ 

;s 

@ 

r^ 

9 

s 

s: 

5 

s 

00 

a 

•* 
o 

* 

« 

»- 

»- 

»- 

»- 

oo 

r- 

t- 

t" 

Sf^Svi^o^^MS 


•  • 


s 

s 

s 

g 

8 

s 

a 
1- 

C4 

s  z 

^ 

<« 

^ 

^ 

^ 

<« 

•e 

« 

•o 

rH 

r^ 

r^ 

^ 

^* 

IH 

p< 

r^ 

»H 

s 

s 

s 

s 

SS 

8 

^4 
oo 

oo 

«o 

00 

s 

r^ 

00 

1- 

oe 

a 

a 
1-^ 

8 

s 

a 

ssassss*^"'' 


o     a 


a     o 


to      O   I  •o 
a     a*     » 


ss^ssssss? 


o     oo 


a     oD     CO 


s 


8    ?    S3    3    S    8 

•  ••••• 

o     o     tM     a     a     a 


eo      «   I  13 

•        •        • 
00     00  I  a 


S    S    S:    S    S    S    S 


CO 


•-•     ©•     o 


o     o 


a     a 


5? 

00 


^ 


o     lo     o     tf> 

t-      I-      00      oe 
•0      oo      00      oo 


a 

00 


720 


STATE  BOARD   OF  HEALTH.  [Pub.  Doc. 


Ages,  — In  Table  3  are  presented  the  nambers  of  the  popolation 
at  (liSerent  age  periods  for  each  of  the  census  years  from  1855  to 
1895,  together  with  the  percentages  of  the  total  populatioo.  These 
figures  show  that  the  relative  numbers  of  the  population  at  ages 
under  20  have  diminished  during  these  forty  years,  those  of  the 
age  period  20-30  have  remained  nearly  stationary,  while  those  of 
the  later  ages  have  increased. 

The  deficiencies  of  the  census  at  ages  under  five  years  have  re- 
ceived sufficient  comment  in  the  twenty-sixth  annual  report  of  the 
Board,  pages  liii-lvii. 


Population  by  Nativity  and  by  Races. 

Under  the  term  **  nativity  "  it  has  been  the  custom  in  most  statis- 
tical documents  to  group  the  component  parts  of  the  population  into 
two  classes,  one  of  which  comprises  the  population  bom  in  the  United 
States  and  the  other  embraces  the  sum  of  the  persons  of  different 
nationalities  born  outside  the  United  States.  The  term,  however,  so 
far  as  statistics  are  concerned,  must  be  regarded  very  largely  as  one 
of  degree,  since  nearly  the  entire  population  is  descended  from  for- 
eign ancestry  of  greater  or  less  remoteness  of  degree.  No  census 
enumeration  has  attempted  to  gather  information  dating  back  more 
than  two  generations  at  the  farthest. 

The  following  table  presents  the  numbers  and  percentages  of  the 
native  and  foreign  populations  at  different  census  periods :  — 

Table  4. —  Population  by  Nativity  in  Census  Tears  (Massachusetts"). 


POPOLATIOM. 

Pbmbvtaob. 

Tkaa. 

Native. 

FortlffD. 

1 

FOfHfDa 

IS.'iO, 
1855, 
I860, 

1865, 
1870, 
1875, 
1880, 
1885, 
189(», 
1895, 

830,490 

886,575 

970,960 

999,976 

1,104,082 

1,225,829 

1,339,594 

1,415,274 

1,581,806 

1.735.253 

164,024 
245,263 
260,106 
265,486 
353,319 
418,904 
443,491 
526,867 
657,137 
764.930 

1 

83.61 
78.38 
78.88 
79.02 
75.76 
74.53 
75.13 
72.88 
70.65 
69.41 

16.49 
21.67 
21.12 
20.98 
24.24 
25.47 
24.87 
27.12 
29.85 
30.59 

NoTR.  —  In  each  of  the  censas  enamerationfl  of  1855, 1865  and  1875  a  imall  number  of  per- 
fons  whose  nativity  was  unknown  (in  no  case  more  than  I  per  cent.)  is  exdaded  Ihun  the 
table. 
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From  the  foregoing  table  it  appears  that  the  foreign  population  has 
increased  from  a  percentage  of  16.49  in  1850,  to  30.59  in  1895,  the 
greatest  relative  increase  having  taken  place  between  1850  and  1855. 

Race.  — The  following  table  presents  the  population  classiGed  as 
white  and  colored,  the  latter  term  embracing  negroes,  mulattoes, 
Chinese,  Japanese  and  Indians :  — 

Table  5.  —  Population^  White  and  Colored  (Massachusetts), 


POPULATIOX. 

PBSCJtSTAOBS. 

Tkau. 

Whlt«. 

Colored. 

Whit*. 

Colored. 

1850,        

985,450 

9,064 

99.09 

.91 

1855, 

1,122,463 

9,906 

99.13 

.87 

1860, 

1,221,432 

9,602 

99.22 

.78 

1865. 

1,256,864 

10,167 

99.20 

.80 

1870. 

1,443,156 

13,947 

99.04 

.96 

1875, 

1,635,620 

16,292 

99.02 

.98 

1880, 

1,763,782 

18,697 

98.95 

1.05 

1885, 

1,922,944 

19,197 

99.01 

.99 

1890, 

2,215,378 

22,144 

99.01 

.99 

1895, 

2,471,418 

28,765 

98.85 

1.15 

In  the  following  table  are  presented  the  vital  statistics  of  the 
State  for  the  whole  period  of  registration,  including  the  estimated 
population  for  intercensal  years  and  the  rates  per  1,000  living :  — 

Table  6.  —  Marriages,  Births  and  Deaths  in  Massachusetts  (1842-96),  with 

Population  and  Rates  per  1,000  Living, 


h 

1 

1 

1 

v4 

oS 

«  9 

Tkabs. 

• 

s 
1 

a 

1 

J 

1 

4 

• 

1 

e 

1^^ 

•1841-42, 

783,118 

6,742 

8,671 

0,644 

. 

^^ 

^ 

^ 

^ 

«l(U-2-43, 

806.862 

6.807 

8.750 

10,684 

. 

. 

. 

. 

. 

•1848-44. 

831,828 

4,304 

14.757 

8.338 

• 

. 

- 

• 

. 

•1844-46, 

866,536 

4,863 

16,711 

8,844 

- 

- 

- 

- 

- 

•1846-4fl, 

882.608 

6.263 

16.486 

12,114 

« 

. 

_ 

_ 

. 

•1846  47, 

000,267 

6,300 

17.007 

14.402 

— 

. 

— 

. 

— 

•1847  48,         ... 

036,838 

6.287 

16,616 

16.000 

. 

- 

• 

17.17 

— 

tl846,      .        .        . 
il849 

• 

4,016 

12.540 

12,476 

. 

. 

- 

10.68 

. 

065.246 

6.036 

25,773 

20,423 

6.360 

- 

30.70 

21.16 

6.64 

1850 

994,514 

10,346 

27,664 

16,606 

11,058 

90.80 

37.83 

16.70 

11.12 

1851,      .... 

1,020,678 

11,066 

38.681 

18,084 

0,747 

38.44 

88.10 

18.66 

0.66 

1852,      .... 

1.047,520 

11.678 

20.802 

18.482 

11,820 

22.10 

38.46 

17.64 

10.81 

1H53 

1,075,072 

12,828 

90,920 

20.301 

10,610 

28.86 

38.76 

18.88 

0.88 

1854 

1,103.350 

13.683 

31.907 

21.414 

10,683 

24.80 

20.00 

10.41 

0.60 

1855 

1,13t,889 

12,320      32,846 

20,706 

13,047 

31.77 

30.01 

18.37 

10.64 

•  The  •tatlstlet  of  the  flret  eight  yeare  of  regl»t  ration  are  for  the  yeare  ending  with  April  80  of  each  year. 

t  The  second  line  of  etatUtlca  for  1848  is  for  the  Hght  monthe  ending  Dee.  81,  1848. 

X  The  etatletica  for  1840  and  for  each  of  the  following  years  are  for  Uie  calendar  yean  ending  Dee.  81. 
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Ta  ble  6  —  Concluded. 


Years. 


1850, 
1867. 
1858. 
1R&9, 
1860, 

18fll, 
1W2, 
1883, 
18ft4, 
1885, 

1S68, 
18M, 

iKftH, 

1870, 

1871, 
1872, 
1873, 
1874. 
1875, 

1879, 
1877, 
1878, 
1879, 
1880, 

1881, 
1882, 
1883, 
1884, 

1885, 

1888, 
1887. 
1888, 
IHW, 

1880, 

1891. 
1892, 
1893, 
1894, 

1895, 


I 


1,1M,461 
1,170.884 
1,190.&84 
1,2!0,657 
1,(31,068 

1.238,177 
1,246.328 
1,262,521 
1.260.758 

1.267,031 

l.»»2.992 
1.339.979 
1,37M.O|0 
1.4!7.126 
1,457,351 

1.494.334 
1.632,268 
1,671,148 
1,611.022 
1.851,912 

l.«77,^'Vl 
1.7i  •3,182 
1,729.410 
1.766.042 
1,783,085 

1.813.818 
1,846.081 
1.876.8h3 
1,009.233 
1,942,141 

1,998,174 
2.066,823 
2.116.136 
2.176.169 
2,238,943 

2,288.911 
2.339.993 
2.392,219 
2,446.6^^ 

2,500,183 


t 

m 


J3 


12.266 

34.445 

11.739 

36.320 

10.627 

C4.491 

11.476 

36.422  1 

12.404 

36.061 

10,072 

36.445 

11.014 

32.275 

10,H73 

80,314 

12,613 

30,449 

13,061 

30,249 

14.428 

34,086 

14.461 

36,062 

13.866 

36.193 

14.826 

36,141 

14,721 

38,269 

15,746 

3P.791 

16,142 

43,236 

16.437 

44.481 

16.664 

46.631 

13,663 

43.996 

12,749 

42.149 

12,768 

41.860 

12,893 

41.238 

13.802 

40.2V6 

16,638 

44.217 

16.768 

46.220 

17.««4 

46.670 

18.194 

47.286 

17,333 

48.616 

17,062 

48,790 

18,018 

50,788 

19. 6:13 

63,174 

19,739 

54.893 

20,397 

67,076 

20,h38 

57,777 

21.676 

63,004 

22,607 

65.824 

22,814 

67.192 

20.619 

66.936 

23,102 

67,646 

20,734 
21.2«0 
20.776 
20.976 
23.068 

24.085 
22.974 
27,761 
28.763 
26.162 

23.637 
22.772 
26.6<>3 
26,064 
27,329 

27,943 
36.019 
33,912 
3I.H87 
34,978 

33,186 
31.342 
31.303 
31,801 
36,292 

36,468 
36,7h6 
37,748 
36,990 
88.094 

37.244 
40,763 
42,097 
41,777 
43,5*28 

46.185 
4S,762 
49.084 
46,791 
47.540 


13.711 
14.040 
13.716 
14.446 
12,983 

11.360 
9.301 
2.563 
1.696 
4.097 

10,448 
12,290 
10,690 
10.087 
10,930 

11,848 

8,216 

10,660 

13.744 

0,018 

8.963 
10.508 
0.935 
8,494 
8,025 

8.702 

8.886 

0,637 

11.626 

10,696 

13,544 
12,411 
12,796 
16,298 
14,240 

17,810 
17.062 
18,108 
20.145 
20,005 


m 
■  5 


ft) 

a. 


21.30 
20.05 
17.ti8 
18.00 
20.15 

17.72 
17.60 
17.36 
10.87 
20.00 

22.14 
21.67 
20.12 
20.02 
20.20 

21.08 
31.08 
20.02 
19. S2 
10.54 

15.20 
14.98 
14.01 
15.72 
17.42 

18.40 
10.17 
10.. 38 
18.10 
17.50 

18.04 
10.00 
18.00 
18.74 
18.02 

18.04 
10.24 
10.07 
10.80 
18.48 


5S 

9 


t2 


I    c  o 


*  m 


«-3 


20.01 

18.00 

30.10 

IK. 17 

28.07 

17.45 

20.20 

17.38 

20.28 

18.74 

28.03 

10.45 

26.92 

18.45 

24.20 

22.16 

24.17 

22.83 

23.87 

20.04 

20.16 

IS. 14 

20.17 

17.00 

26.20 

18.58 

25.50 

18.90 

20. 2S 

18.75 

20.63 

18.70 

28.22 

22.85 

28.31 

21.58 

28.32 

10.70 

20.63 

21.17 

26.13 

10.78 

24.57 

18.40 

23.84 

18.10 

22.04 

18.11 

24.80 

10.70 

24.03 

20.10 

24.75 

10.03 

25.10 

2i».11 

25.40 

10.38 

25.12 

10.01 

25.41 

18.04 

26.87 

10.85 

25.05 

10.00 

20.23 

10.20 

25.81 

10.44 

27.53 

10.74 

28.13 

20.84 

28.00 

20.52 

27.37 

10.14 

27.02 

10.01 

11.91 
11. « 
11 .» 
II. OS 
lO.U 

0.17 
7.47 
2.0S 
1.35 
S.2S 

8.0S 
0.17 
7.68 
7.12 
7.50 

7.0S 
5.S7 
0.73 
6.63 
5.48 

5.34 

0i47 
5.74 
4.SS 
5.01 

4.» 
4.82 
5.08 
0.U8 
5.51 

0.n 

0.01 
6.(4 
T.08 
0.S7 

7.71 
7.29 
7.57 
S.tt 
8.01 


All  estimates  of  intercensal  years  are  made  in  accordance  with  the  rale 
recommended  by  Dr.  Farr  (the  geometric  rate  of  increase). 

The  vital  statistics  of  the  first  seven  years  of  registration  (1842-48), 
together  with  the  returns  or  marriages  for  1849,  must  be  regarded  as  ex- 
tremely defective  ;  many  of  the  returns  from  Suffolk  County  for  this  period 
are  wanting,  together  with  those  of  some  of  the  small  towns.  From  the 
year  1849  onward  the  omissions  probably  constitute  but  a  small  percentage 
only  of  the  total  registration. 

The  figures  for  the  population  of  census  years  are  given  in  bold  type. 


Interstate  and  International  Vital  Statistics. 
The  following  table  presents  the  marriage,  birth  and  death  rates 
of  the  New  England  States  and  the  principal  civilized  couDtries  of 
the  world  for  18^3,  1894  and  181)5  :  — 
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MARRIAGES. 

The  wholo  number  of  marriages  registered  in  Massachusetts  in 
1895  was  23,102,  and  the  marriage-rate  per  1,C00  of  the  living 
population  was  9.24.  The  number  of  persons  married  id  each  1,(KK) 
of  the  population  was  18.48,  as  compared  with  a  rate  of  16.86  io 
1894  and  19.07  in  1893.  Comparing  the  two  twenty-year  periods 
1856-75  and  1876-95,  the  marriage-rates  were  19.77  for  the  former 
period  and  17.94  for  the  latter,  so  that  there  has  been  a  decrease  of 
1.83  per  1,000,  comparing  the  two  periods. 

The  successive  five-year  periods  show  considerable  fluctnatiooa 
and  are  as  follows*  beginning  with  the  period  1856—60 :  19.62, 
18.66,  20.96,  19.73,  15.66,  18.54,  18.62  and  18.50. 

The  following  table  presents  the  number  of  marriages  with  the 
marriage-rates  for  each  year,  each  five-year,  ten-year  and  each 
twenty-year  period.  The  numbers  for  earlier  years  may  be  found  in 
the  table  on  page  721. 

Table  8.  —  Marriages  and  Marriage-raies,  Massachusetts,  1856-95. 


Tkas*. 


1857, 
1858, 
1850, 
1N0, 

1861, 
1882, 
1883, 
1884, 
l8«5| 

1888. 
1887, 
1888, 
1889, 
1870, 

1871. 
1872, 
1873, 
1874, 
187S, 


I 
I 


12,286 
11,780 
10,527 
11,475 
12,404 

10.072 
11.014 
10,878 
12,513 
13,061 

14,428 
14.451 
13.858 
14.826 
14,721 

15,748 
16,142 
16.437 
15,564 
13,663 


MAlBUOE-lATta. 


ft. 


•g 


i 


21.80 
80.06 
17.68 
18.06 
20.16 

17.72 
17.60 
17.36 
10.87 
20.60 

22.14 
21.57 
20.12 
20.02 
20.20 

21.08 
21.08 
20.02 
10.82 
16.54 


W0.62 


1 
I 
>18.68 


^20.06 


M0.78 

J 


4* 
I 

6 


^10.18 


S 20.31 


Ybabi. 


1878, 
1877, 
1878, 
1870, 

1880, 

1881, 
1882, 
1883, 
18H4, 
1885, 

1888. 
1887. 
1888, 
18H0. 
1880, 

1801. 
1802, 
1803, 
1804, 
1885, 


12,740 
12,768 
12,803 
13,802 
16,588 

10.788 
17.684 
18.104 
17.8SS 
17.063 

18,018 
10.588 
10.780 
20307 
20,888 

21,676 
22,607 
22.814 
80.610 
28,102 


II ABRIAGB- SATS*. 


1 


£ 


8-^ 


e 


16.80 
14.06 
14.01 
16.72 
17.42 

18.40 
10.17 
lO.M 
18.16 
17.66 

18.04 
19.00 
18.66 
18.74 
18.62 

18.04 
10.24 
10.07 
16.86 
18.48 


1 


M8.06 

I 
J 


1 


W8.I 
1 18.1 


18.60 


W7.1f 


MesD  of  twenty  yesr  perioda, 


.         •     Iv.TTf        .         .         • 

tfeao  of  forty  yesrisr  18.67. 


17.81 
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The  maximum  marriage-rate  in  any  year  of  the  forty-year  period 
was  22.14  per  1,000  in  1866,  and  the  minimum  was  14.91  in  1878. 

The  marriage-rate  of  England  has  declined  slightly,  from  a  maxi- 
mum of  17.9  in  1853  to  a  minimum  of  14.2  in  1886,  and  then  slightly 
increased  to  15.6  in  1891.  Those  of  Denmark,  Sweden  and  Hungary 
have  declined  slightly,  while  those  of  Prussia,  Italy  and  France 
have  remained  nearly  stationary. 

A  more  correct  measure  of  the  marriage-rate  is  the  relation  of 
the  number  of  marriages  to  the  number  of  unmarried  persons  of 
marriageable  age  of  each  sex.  For  this  purpose  the  figures  of  the 
State  Census  of  1885  are  selected,  and  it  is  assumed  that  males 
are  marriageable  at  the  age  of  sixteen  and  females  at  the  age  of 
fifteen.  A  very  small  number  of  females  were  married  at  ages 
under  fifteen,  but  the  number  was  less  than  one-tenth  of  one  per 
cent,  of  the  total  number  of  females  who  were  married  in  that  year. 
The  term  ''marriageable  population "  embraces  all  single  persons, 
divorced,  and  widowers  and  widows  of  the  ages  named. 

The  following  figures  present  the  ratio  of  the  married  persons  to 
the  marriageable  persons  of  the  same  year :  — 

Table  9.  —  Relation  of  Marriages  to  Marriageable  Population  in  Massachusetts^ 

1885. 


Harbiaobablk  Pbrsons. 

1 

Persons  Married  of 
£ach  Sex. 

Rate  pbr  1,000  or  Maruaokablk 

rOPt'LATIOM. 

Males. 

Females. 

Males. 

Femates. 

(77,180 

870,973 

17,05t 

61.S 

48.0 

Marriages  to  Each  IfiOO  Marriageable  Persons  of  Each  Sex  in  Different 

Countries, 


Count  RIBS. 

Males. 

Femalea. 

COITRTRIBS. 

MalM. 

Females. 

Bavaria,    .... 
WUrtemberg,   . 
Austria,    .... 

Italy 

Krance,      .... 

67 
04 
68 
40 
67 

44 

46 
60 
40 
46 

England,  .... 

Sweden 

Switserland,     . 
MaaaaebusetU, 

02 
68 
60 
01.6 

68 
87 
80 
40 

The  foregoing  figures  comprise  the  statistics  of  about  eight  million  mar- 
riages in  the  countries  named,  and  require  the  following  interpretation : 
The  term  ^'marriageable  persons"  in  the  figures  for  Austria,  Italy  and 
England  relates  to  such  unmarried  persons  of  each  sex  as  are  fifteen  years 
of  age  and  over.  In  the  figures  for  Switzerland  it  relates  to  men  eighteen 
years  old  and  over  and  women  sixteen  years  old  and  over. 


f-."»I» 
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Affes.  — The  following  table  presents  the  average  age  at  marriage 
of  all  men  nnd  women  married,  and  of  all  men  and  women  married 
for  the  first  time,  for  the  five  years  1891-95  :  — 

Table  10.  —  Mean  Age  at  Marriage,  1891-95,  in  Massachuselis,  expressed  in 

Years  and  Fractions  of  a  Fear.* 


Yeaba. 


Avcrnffe  Ag« 

ut  All 
Bridegrooms. 


Aftnif  Aire  of 
AM  Brides. 


Avcrare  Ajrs     <  Av^nure  Agt  of 
of  Men  Marrying  Womrii  JIarnlnff 
the  First  Tun*,     the  tint  Time. 


1891, 
1882, 
1893, 
1894, 
1885, 


28.85 
28.85 
28.90 
29.10 
28.81 


29.58 

25.37 
29.47 
29.59 
25.59 


28.78 
(8.88 
(8.88 
(8.88 


24.28 
24.M 
84.48 

84.98 
84.42 


*  For  earlier  >e«re  »ee  forty  ntoth  regietrmtion  report,  ISSN). 

The  figures  for  En«jland  differ  but  little  from  those  of  Ma^sacha- 
setts,  and  show  a  tendency  toward  increasing  age  at  marriage  for 
both  sexes. 


Table  11. 

—  Mean 

Age  at  Marriage,  in  England,  1885-95, 

TsAEa. 

All  Men. 

All  Women. 

Bachelore. 

Spinstcn. 

1886, 

28.15 
28.32 
28.42 

25.86 
26.03 
26.16 

26.06 
26.88 
26.50 

24.58 

1890,      

24.81 

1895, 

2S.04 

For  the  two  twenty-year  periods,  1856-75  and  1876-95,  the  mean 
ages  of  males  and  females  at  marria^^e  were  as  follows  :  — 

Table  12.  —  Mean  Age  at  Marriage,  Massachusetts^  1856-95. 

Men. 


TWRXTT-TtAR  riRIODS. 

Whole  Number  of 
Persons  wh«»»«e  Axes 

were  known 
•t  Tlmt)  of  MHrrUfre. 

ToUl  Years  of  Ufs 

liTed  at 
Date  of  Marrlafe. 

Mcen  Aire  at  Jf  arrlaga 

In  Ycers  and 

FracUoas  uf  m  Year. 

l8,')6-7.5,          .... 

1876-95,      .... 

261,882 
363,723 

7,640,653 
10,548,543 

28.85 

29.00 

Women. 


1856-75, 
1876-95, 


264,258 
863,553 


6,585.832 
9,236.727 


24.92 
25.41 
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By  the  foregoing  table  it  appears  that  the  mean  ago  of  men  at 
marriage  has  increased  from  28.85  to  29  years,  or  fifteen  hundredths 
of  a  year,  or  about  one  mouth  and  twenty-five  days,  comparing  the 
first  period  of  twenty  years  with  the  latter  period.  The  mean  age 
of  women  has  increased  during  the  same  time  forty-nine  hundredths 
of  a  year,  or  about  five  months  and  twenty-eight  days. 

J^ativily.  —  The  nativity  of  persons  married  in  Massachusetts 
during  1895  was  as  follows,  in  percentages  of  the  total  number  mar- 
ried whose  nativity  was  known  :  Native  born,  65.63 ;  foreign  born, 
44.37. 

Three  couples  whose  nativity  was  unknown  are  not  included  in  the 
foregoing  figures. 

For  the  whole  period  of  forty  years,  divided  into  two  twenty-year 
periods,  the  statistics  were  as  follows :  — 

Table  l^.-— Marriages  by  Nativity  for  the  Slate,  1856-95. 


Couples. 

American. 

Foreign. 

American 
Male. 

Forelgo 

Male. 

Unknown. 

rKKCKNTAOBS. 

rtuoD. 

American. 

1 

Foreign. 

1856-75,  . 
1876-95,  . 

266,667 
364,013 

152,435 
185.922 

79,810 

1 04,447 

14,897 

88,956 

17,286 
84,537 

2.709 
151 

1 

63.75 
61.20 

36.25 
38.80 

From  the  foregoing  table  it  appears  that  the  whole  number  of 
native-born  persons  married  in  the  first  twenty-year  period  was 
33»),553,  or  63.75  per  cent.,  and  those  of  foreign  birth  were 
191,21)3,  or  36.25  per  cent. 

In  the  second  period  the  persons  of  native  birth  were  445,337,  or 
61.20  per  cent.,  and  those  of  foreign  birth  were  38.80  per  cent.  In 
this  table  those  of  unknown  birth  are  excluded  in  calculating  the 
percentages. 

The  foregoing  figures  convey  no  information  as  to  the  marriage- 
rates  of  persons  of  native  and  of  foreign  birth.  This  information 
can  only  be  gained  by  a  comparison  of  these  groups  of  the  popula- 
tion with  the  marriages  or  persons  married  in  each. 

The  following  table  presents  the  population  at  census  years,  with 
the  number  of  persons  married  and  the  marriage-rates  of  each 
group :  — 
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Table  14.  —  Marriages  and  Marriage-rates  by  Nativity,  MassaehuaeUt  (1850-9S). 


POPCLATIOir. 

Pbbsoxs  Mabbikd. 

IfASBIAOl 

E-BATSS. 

Tbab. 

Katlvt. 

Forclfn. 

NaUT«. 

Font(ii« 

Katlre. 

1 

1 

1850. 

830,490 

i 

164,024  ^ 

13,486 

5.798 

16.21 

35.35 

1855, 

886,575 

245,263  i 

14,790 

9.492 

16.68 

1 

88.70 

1860. 

970.960 

260,106 

15,363 

8.911 

,    15.82 

31.26 

1865. 

999,976 

265,486 

16,942 

9,036 

16.94 

34.04 

1870. 

1,104,032 

853,319 

i 

18,795 

10,617 

17.02 

30.05 

1875. 

1,225,829 

418.904 

17,752 

9,572 

14.48 

22.85 

1880. 

1,339,594 

443,491 

21,499 

9,571 

16.05 

21.58 

1885, 

1,415,274 

526,867 

21,593 

12.499 

15.26 

23.72 

1890, 

1,581,806 

657,137 

23,866 

17,780 

15.09 

27.06 

1895, 

1,735,253 

764,930 

25,701 

20.497 

14.81 

26.80 

From  the  foregoing  table  it  would  appear  at  first-  sight  that  the 
marriage-rate  of  the  foreign  popuhition  is  very  much  io  excess  of 
that  of  the  native  population,  the  excess  ranging  in  different  census 
years  from  34  to  132  per  cent. 

There  are,  however,  certain  reasons  for  this  excessive  difference 
which  exists  in  the  age  constitution  of  these  two  groups  of  the  popu- 
lation. In  the  native  population  the  age  distribution  approaches 
quite  nearly  that  of  a  normally  constituted  population,  like  that  of 
Sweden,  while  that  of  the  foreign  population  is  influenced  by  the  age 
of  the  immigrants  entering  the  State.  Of  the  immigrants  who  entered 
the  United  States  at  several  successive  census  periods,  more  than 
one-half  were  between  the  ages  of  fifteen  and  thirty  years  and  more 
than  two-thirds  were  between  the  ages  of  fifteen  and  forty.  (See 
note,  page  iv,  twenty-sixth  report  of  State  Board  of  Health,  1894.) 
Furthermore,  while  the  population  of  foreign  birth  constituted  27.1 
per  cent,  of  the  total  population  by  the  census  of  1885,  the  foreign 
population  under  fifteen  years  of  age  was  only  7.3  per  cent,  of  the 
total  population  of  those  ages,  and  the  foreign  population  between 
the  ages  of  fifteen  and  sixty  constituted  34.6  per  cent,  of  the  total 
population  of  those  ages,  as  shown  by  the  following  table  :  — 


No.  34.] 


VITAL  STATISTICS. 


729 


Table  16.  —  Percentage  of  Native  and  Foreign  Population  at  Certain  Ages,  1885, 

in  Massachusetts. 


Aqk  Pkkiods. 

l^aUre. 

Foreign. 

All  under  fifteen  years, 

Fifteen  to  sixty  years, 

All  over  sixty, 

92.7 
65.4 
70.6 

7.3 
84.6 
29.4 

100.0 
100.0 
100.0 

Since  the  period  fifteen  to  sixty  embraces  nine-tenths  of  all  persons 
of  marriageable  ages,  it  follows  that,  other  things  being  equal,  the 
class  having  relatively  the  greatest  number  of  persons  at  these  ages 
would  show  the  greater  marriage-rate.  This,  however,  can  account 
for  only  a  fraction  of  the  excess. 

Races.  —  The  only  registration  reports  of  Massachusetts  in  which 
the  vital  statistics  of  different  races  are  given  are  those  of  1888  and 
1889. 

The  following  table  presents  the  number  of  persons  married  and 
marriage-rates  of  those  years,  both  of  the  white  and  of  the  colored 
population :  — 

Table  16.  —  Persons  Married,  1888  and  1889,  White  and  Colored,  and  Marriage- 

rates. 


EsTDCATKO  Population. 

PXKSONS  MAUUKD. 

Maxkiaob-ratxs  (Pxk- 
toas  Mauukd). 

Yx^u. 

White. 

Colored. 

White. 

1 

Colored. 

White. 

Colored. 

looo,             •            •            • 

1889. 

2.094,220 
2,154,687 

20,916 
21,522 

88,969 
40,809 

509 
485 

18.4 

18.7 

24.4 
22.5 

In  the  foregoing  statement  the  term  **  colored  "  embraces  negroes, 
mulattoes,  Chinese,  Japanese  and  Indians.  The  Chinese,  Japanese 
and  Indians  have  at  no  time  within  the  forty-year  period  under  con- 
sideration constituted  more  than  5  per  cent,  of  those  enumerated  as 
colored  persons. 
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Marriaget  by  Months.  —  For  the  two  twenty-j'ear  periods,  1856-75 
and  1876-95,  the  figares  were  as  follows  :  — 


Table  17. — Uarriaga  by  Months,  18S6-9S,  wiA  Betative  Figura  Jor  Other 
OoutUrUt. 


HomiLT  Batio  Bidcoed  to  a  Bttn/kMB  or  IM. 

\ 

i 

1S7C-S*. 

... 

I 

1 

I' 

1 

t 

i 

1 

J"">7 

^•bniirr 

M»«l> 

iprtl 

M.r 

Jun*. 

Joly 

-lifo" 

0«ob.t 

H,lll 

ii,n4 
i4,igr 

n,in 
n,rn 

lt,M 
ll,tK 
tt,IIT 

»,rH 
st,iir 

n,»s 

n,fu 
n,M 

1I,M 

H,«tl 

v,m 

ir,m 

M,IT* 

H,r« 

S1.4N 
H,HI 

M,ni 

VfiM 

iM.r 

M.I 

n.t 

■r.s 

lOt.I 
W.I 

■I.I 

1H.I 
114,1 
1(1.1 
K.I 

ir.B 

M.4 
H.I 

101 .1 

n.i 

in.t 
tt.i 

M.l 

iit.i 

I».4 

I4T.I 

n.i 

n 

lat 

IS 

1U 

UT 

is 
u 

M 
U4 

« 

las 

Ul 

H 
U 

Is 

lU 

n 

u 

IM 
H 

ai 
U 

lU 

M 
1U 

n 
n 

M 

lit 
us 

\« 
IM 

m 

M 

W 
US 

IM 

M 

HI 

« 
M 

1) 

ToUl 

M-n. 

S.U;>»>uf««bal*iMtlod. 

n6,«i 

»s,«a 

iH.g 

U.4 

1H.I 
41.1 

IW 

IM 

UD 

MS 

»S 

!■ 

From  the  foregoing  table  it  appears  that  daring  the  forty  yean 
1856-95  conBiderable  chsngea  have  taken  place  in  the  times  lod 
soasonB  selected  for  marriage,  when  the  two  twenty-year  periodi 
are  compared.  Using  the  number  100  as  a  standard  of  oompariBoa 
in  each  instance,  there  appears  to  have  been  a  decrease  in  Jaoiui; 
io  the  intensity  of  the  marriage-rate,  from  8.7  per  cent,  above  tbe 
mean  to  3  per  cent,  below  it.  In  April,  there  was  an  increase  from 
2.2  below  the  mean  to  1.8  per  cent,  above  it.  In  May,  there  wit 
a  decrease  from  2.7  above  to  10.5  per  cent,  below  the  mean. 

The  greatest  divergence  from  the  mean  appears  in  M»rch  tod 
November,  that  of  March  having  increased  from  37.5  below  the  dhU 
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to  45.1  per  cent,  below ,  and  that  of  November  having  decreased 
from  51.6  above  the  mean  to  47.8  above.  Religious  and  social  cus- 
toms undoubtedly  account  largely  for  these  differences  in  the  mar- 
riage-rate in  different  months  as  well  as  for  the  differences  between 
the  conditions  prevailing  in  the  two  twenty-year  periods. 

The  months  of  June  and  October  have  increased  considerably  in 
popular  favor  as  months  for  marriage,  as  also  appears  by  consulting 
the  following  figures  for  the  single  year  1895. 

For  the  single  year  1895  the  monthly  ratios  (upon  a  standard  of 
100)  were  as  follows :  First  six  months  in  their  order,  87.4,  96.4, 
43.8,  97.5,  74.4,  151.5;  second  six  months,  84.0,  80.6,  120.7, 
141.2,  144.7,  81.0. 

The  mean  daily  number  for  the  year  was  63.3. 

The  mean  daily  number  of  marriages  had  increased  from  36.4 
per  day  in  the  first  twenty-year  period  to  49.8  in  the  second,  while 
the  mean  daily  numbers  in  the  extreme  years  1856  and  1895  were 
33.5  and  63.3. 

FEOUNDrrr  of  Marriage. 

The  marriages  in  any  year  give  rise  to  births  which  are  recorded 
during  the  following  twenty  years  or  nearly  so.  The  division  of  the 
sum  of  these  births  by  the  marriages  would  express  the  fecundity 
of  the  marriages,  but  it  is  impossible  to  follow  each  family  and 
count  the  children,  hence  some  ready  method  must  be  adopted  for 
estimating  the  fecundity.  In  a  stationary  population  in  which  the 
marriages  do  not  increase  from  year  to  year,  the  births  of  any  year 
might  be  divided  by  the  marriages  of  the  same  year  to  obtain  the 
desired  result,  but  the  marriages  are  constantly  increasing,  hence 
the  births  of  a  given  year  must  be  divided  by  the  marriages  of  a 
previous  year.  Since  the  ages  of  mothers  are  not  a  matter  of 
record,  the  interval  in  Massachusetts  which  intervenes  between  the 
mean  age  of  marriage  and  the  mean  age  of  mothers  when  their 
children  are  born  is  unknown. 

This  interval  in  Sweden  is  six  years,  and  Dr.  Farr  assumes  a 
similar  period  for  England.  In  the  twenty-eighth  registration  report 
of  Michigan  ( 1894) ,  Dr.  Wilbur  assumes  a  mean  period  of  five  years, 
and  states  that  <'  for  convenience,  comparison  of  births  may  well  be 
made  with  the  marriages  of  the  preceding  five-year  period,  and  with 
little  sacrifice  of  accuracy."  The  mean  period  for  the  foreign  born 
is  slightly  longer  than  that  for  the  native  bom. 
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AssamiDg  a  five-year  period  for  Massachusetts,  the  fecandity  for 
all  marriages  is  as  follows :  — 


For  those 
For  those 
For  those 
For  those 
For  those 
For  those 
For  those 
For  those 


which  occurred 
which  occurred 
which  occurred 
which  occurred 
which  occurred 
which  occurred 
which  occurred 
which  occurred 


n  the  period 
Q  the  period 
Q  the  period 
Q  the  period 
n  the  period 
n  the  period 
D  the  period 
n  the  period 


1851-55 
1856-60 
1861-65 
1866-70 
1871-75 
1876-80 
1881-85 
1886-90 


2.8  children 
2.7  children 
8.1  children 

3.0  children 
2.7  children 
8.5  children 

8.1  children 
8.4  children 


per  marriage, 
per  marriage, 
per  marriage, 
per  marriage, 
per  marriage, 
per  marriage, 
per  marriage, 
per  marriage. 


These  figures  do  not  exactly  express  the  fertility  of  all  child-bear- 
ing  womeny  since  a  small  ratio  of  illegitimate  children  are  included 
in  the  living  births  whose  mothers  are  not  represented  in  the  mar- 
riages. The  difference  in  the  result  in  Massachusetts  would,  how- 
ever, be  very  slight,  affecting  the  figures,  mostly,  only  in  the  second 
place  of  decimals. 

The  fecundity  of  the  native  and  of  the  foreign  bom  dififers  very 
greatly,  as  is  shown  by  the  following  table,  which  presents  the  ratio 
of  births  in  each  census  year,  as  compared  with  the  marriages  at  a 
census  five  years  earlier :  — 

Table  18.  —  Fecundity  of  the  Marriages  in  Census  Tears, 


Yeabb. 


Crildbbx  Boeh  to  Each  itAfTrriff^, 


NAtlTt. 


1850, 
1855, 
1860, 
1865, 
1870, 
1875, 
1880, 
1885, 
1890, 


Fonifn. 

5.0 
8.7 
3.5 
4.5 
4.4 
4.4 
5.0 
5.0 
4.8 
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This  method  is  not  quite  so  accurate  as  the  comparison  of  groups 
of  years,  but  the  approximate  mean  ot  the  two  columns,  2.3  for 
native  marriages  and  4.4  for  those  of  the  foreign  born,  shows  that 
the  number  of  children  in  the  latter  class  is  nearly  twice  that  of  the 
former. 

A  population  with  only  2.3  children  to  each  married  couple  is 
not  holding  its  own,  after  allowing  for  the  deaths  which  occur  in 
the  first  five  years  of  life. 


BIRTHS. 

The  whole  number  of  living  births  registered  in  1895  was  67,545. 
This  number  was  larger  than  that  of  any  previous  year.  It  exceeded 
the  births  of  the  previous  year  by  609,  and  those  of  1893  by  353. 
It  was  also  greater  than  those  of  1885  by  18,755.  It  exceeded 
those  of  1875  by  23,549,  and  was  considerably  more  than  double 
the  number  which  occurred  in  1865. 

The  number  of  births  in  each  1,000  of  the  living  population  in 
1895  was  27.02.  This  birth-rate  was  less  than  that  of  either  of  the 
four  immediately  preceding  years  but  greater  than  that  of  any  other 
year  since  1874. 

Comparing  the  birth-rates  of  the  two  twenty-year  periods,  1856-75 
and  1876-95,  the  birth-rates  were  27.11  per  1,000  for  the  former 
period  and  25.86  for  the  latter,  —  the  difference  being  1.25  per 
1,000  in  favor  of  the  former. 

The  birth-rates  of  successive  five-year  periods,  beginning  with 
1856-60,  were  as  follows  :  29.51,  25.34,  26.07,  27.62,  24.25,  25.09, 
25.86  and  27.62. 

The  following  table  presents  the  numbers  of  living  births  and  the 
birth-rates  for  each  year,  together  with  the  birth-rates  of  five-year, 
ten-year  and  twenty-year  periods.  The  numbers  for  earlier  years 
may  be  found  in  the  table  on  page  721. 
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Table  19.  —  Birlka  and  Birth-rate*,  Uasaaehuttttt,  18S6-95. 


Blrttaa. 

Bnm-BATsa. 

Team. 

Blithi. 

Bxsra-BATSs. 

TSABt. 

St. 

.     1 

r 

1 

I 

III!  Il 

1"    ^ 

tt 

h. 

H 

A                h.              H 

18M,  .        .        . 

84,446 

29.91 

•k 

1876, 

42,149 

26.13 

1 

1867,  . 

86,820 

30.16 

18n,         .        . 

41,860 

84.67 

1>S4.26 

1868.  . 

84,491 

28.97 

I29.6I 

1 

1878, 

41,288 

2S.84 

^ 

18M,  . 

86,422 

29.26 

1 

1870, 

40,296 

22.94 

J 

1880,  .       .       . 

86,061 

29.28 

1880,        .       . 

44,217 

94.80 

^27.88 

^9I.«I 

1861,  .       . 

86,446 

28.63 

1 

1881,        .       . 

46,290 

24.08 

1 

1882,  . 

32,276 

26.92 

1 

1882, 

46,670 

24.76 

1 

1868,  .        . 

80,314 

24.20 

^26.34 

1883, 

47,286 

86.19 

>26.00    J 

1864,  . 

30,449 

24.  IT 

1884, 

48,616 

86.46 

f 

1885,  .       .       . 

30,249 

23.87 

i 

1815,         .        . 

48,790 

86.12 

J 

1866,   .        .        . 

84,066 

26.16 

1 

1886,         .        . 

60,788 

86.41 

1 

1867,  .        .        . 

86,062 

26.17 

1 

1887, 

68,174 

86.87 

1868,    •        •        • 

36,193 

26.26 

^26.07 

' 

1888, 

64,893 

86.06 

85.86 

' 

1860,   .        .        . 

86,141 

,  25.60 

1889, 

67,076 

26.23 

■ 

1870,  .       .       . 

38,269 

S6.26 

a 

26.88 

1880,         .        . 

67,7n 

86.81 

J 

26.19 

1871,  .       .       . 

88,791 

26.63 

1 

1891,         .        . 

68,004 

87.63 

1 

1 

1872,  .        .        . 

43,236 

28.22 

1 

1892, 

86,824 

88.18 

1 

1878,  . 

44,481 

!  28.31 

V27.e2 

1898, 

07,192 

88.00 

>^ST.62 

1 

1874,  . 

46,631 

28.32 

1894, 

66,980 

27.37 

J 

1878,  .       .       . 

43,996 

26.63 

4 

1885,        .       . 
Total, 

67,646 

87.02 

ToUl, . 

781,336 

- 

1,049,687 

- 

lCMn(207a»n), 

- 

27.11 

Mean(20ya»n) 

»          * 

26.86 

Mean  of  40  yean,  96.36 


8ex.  —  Of  the  whole  number  of  living  children  bom  in  1895» 
84,623  were  males  and  32,905  were  females,  indicating  a  ratio  of 
1,052  males  to  1,000  females. 

The  following  were  the  numbers  by  sexes  for  the  five  years 
1891-95 :  — 


Table  ^^-^  Births  by  Sexes,  1891-95. 


Tbau. 


Malea. 


Femalee. 


Males  to  Ijm 


1891, 

1892, 
1893, 
1894, 
1895, 


32,532 
33,758 
34,328 
34,338 
34,623 


30,434 
31,951 
32,829 
32^75 
32,905 


1,069 
1,057 
1,046 
1,054 
1,052 


For  the  two  twenty-year  periods  1856-75  and  1876-95  the  totals 
and  means  were  as  follows :  — 
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Table  21.  — Births  by  Sexes,  1856-95. 


Pbuods. 


MaIm. 


Females. 


MAlei  to  1,000 
Femnlef. 


1856-75, 
1876-96, 


375,324 
515,186 


364,466 
489,468 


1,059 
1,053 


The  births  whereof  the  sex  was  unknown  are  excluded  from  the 
foregoing  summary.  They  constituted  less  than  one-fifth  of  one 
per  cent,  of  the  whole  number. 

The  ratio  of  males  to  females  for  all  actual  conceptions  would 
be  slightly  higher  than  those  presented  above,  since  the  ratio  of 
males  to  females  among  the  still-born  is  usually  much  higher  than 
that  of  living  births.  For  example,  for  the  year  1895  the  ratio  of 
males  to  females  among  all  births,  living  and  dead,  was  1,066  instead 
ot  1,052,  as  expressed  in  the  table.  The  ratio  for  the  whole  period 
of  forty  years  was  also  1,066  males  to  1,000  females  for  all  births, 
living  and  dead. 

OtJier  Countries. 

The  following  figures  show  the  relation  of  the  sexes  at  birth  in  different 
countries  for  a  ten-year  period  (1871-80)  :  — 

Table  22.  — Birtfis  of  Males  to  1,000  Females. 


0«rman  Empire,* 
Swltxerland,  . 
Austria,  . 
lUly.       .       . 
France,    . 
Belginm, 


Holland, 

England,! 

Denmark, 

Sweden, 

Norway, 

MdM»aehuteU»,X 


1,003 
1,088 
1,058 
l.OdO 
1.061 
1,0M 


*  The  flgnrea  for  the  German  Empire  are  for  the  yeara  187S-80. 

t  StUl-blrtha  not  inoladed  in  the  flgnrea  for  England,  which  probably  aoeonnta  for  its  diiference  from 
the  other  flgnree. 

X  The  atatlatica  for  MasMchoaetts  are  for  the  forty  yeara  1850-06. 

The  foregoing  figures  are  the  average  results  of  over  50,000,000  births 
which  occurred  in  the  countries  named. 


Seasons.  —  The  number  of  births  in  each  month  during  the  two 
periods  1856-75  and  1876-95,  together  with  the  daily  number  of  births 
in  each  month  and  the  monthly  ratio  reduced  to  a  standard  of  100,  is 
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shown  in  the  following  table,  wherein  it  appears  that  the  greatest 
daily  number  occurred  in  August  in  each  period  and  the  least  in 
January  in  the  first  period  and  in  May  in  the  second. 

For  the  single  year  1895  the  monthly  ratios  upon  a  standard  of  100 
were  as  follows:  First  six  months,  101.2,  101.7,  94.8,  90.7,  95.3, 
98.5;  second  six  months,  103.3,  104.9,  105.3,  102.7,  98.4,  102.9. 

The  mean  daily  number  for  the  year  was  185.04. 


Table  23.  —  Births  by  Months,  1856-95. 


Mouths. 


BiBTBt. 


1M«-7S.    187«-»a. 


January, .  66,3M 

Febniary,  .        62,477 

March.     .  60.807 

April.       .  .         66.040 

May,         .  .        67.08S 

Jane.        .  68,000 

Jaly.  .         63.476 

August,    .  07.181 

September,  04,036 

October,  .  60.100 

KoTember,  68,614 

December,  66.884 

ToUli, .  .       730,705 
Means,     . 
Dally  number,        100.08 


85.151 
80.010 
87.828 
81.773 
83.710 
84,604 
02.724 
04.087 
00.030 
00,203 
87.481 
01.441 


1.040.450 


148.7 


iAa«-7a. 


Monthly      > 

RedSSkTto  a  j^J^'JS^ 
Standard         "•™>- 
of  100. 


89.3 

02.9 

06.6 

02.7 

03.0 

06.7 

102.4 

108.3 

108.2 

106.7 

106.0 

107.0 


100.0 


Hair- 
yearty 
Katlo. 


92.0     1 


V  04.1 


^106.] 


^  03.6 


) 


WOO.  6 


106.4 


100.0        100.0 


Monthly 

Rado 

Eednced  to  a 

Standard 

of  100. 


•5.6 

08.6 

08.0 

04.0 

04.0 

06.1 

104.1 

106.6 

104.4 

101.8 

101.5 

102.7 


100.0 


Qaaiteriy 


Half- 
ymrij 


97.4 


>  M.6    IJ 


^  06.6 


105.0 


101.8 


100.0 


108.4 


100.0 


The  mean  daily  number  of  births  in  the  first  period,  1856—75,  was 
100.03  and  that  of  the  second  period  was  143.7. 

Comparing  the  two  extreme  years,  1856  and  1895,  the  mean  daily 
number  had  nearly  doubled,  the  figures  being  94.1  per  day  in  1856 
and  185.04  in  1895. 

The  relative  excess  of  births  in  the  last  half  of  the  year  over  the 
first  half  had  diminished  in  the  following  ratio:  — 

For  each  1,000  births  in  the  first  half  of  the  year  there  were 
1,138  births  in  the  last  half  for  the  twent}"^  years  1856—75,  and 
for  the  twenty  years  187G  to  1895  there  were  1,000  births  in  the 
first  half  to  1,071  births  in  the  last  half  (in  equal  periods  of  time). 
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Births  by  Parent  Nativity.  —  Since  the  gross  numbers  of  births  of 
the  native  and  the  foreign  population  of  the  State,  with  the  percent- 
ages of  each  to  the  total  number  of  births,  convey  no  correct  idea  of 
the  birth-rates  of  these  groups  of  the  population,  they  are  omitted  in 
the  following  table,  and  the  births  of  the  native  and  foreign  popula- 
tion are  compared  in  each  instance  with  the  living  population  of  each 
group  as  found  by  census  enumeration. 

In  the  following  table  the  births  of  mixed  parentage  are  equally 
distributed  between  those  of  native  and  those  of  foreign  birth ;  the 
numbers  of  children  having  native  mothers  and  foreign  fathers  and 
those  of  children  having  foreign  mothers  and  native  fathers  are  nearly 
equal.  A  small  percentage  of  births  of  unknown  parentage  is  ex- 
cluded from  the  table. 


Table  24.  —  Birlhs  and  Birth-rates  by  Pareiit  Nativity^  MassachuseUs, 


POPULATIOM. 

BIKTBS. 

BlBTB-IATXa. 

Teabb. 

Native. 

Forel^. 

NAttve 
ParenUge. 

Foreign 
ParenUge. 

Natlre. 

Foreign. 

1850, . 
1855, . 
1860, . 
1865, . 
1870, . 
1875, . 
1880, . 
1885, . 
1890, . 
1895, . 

830,490 

886,575 
970,960 
999,976 
1,104,032 
1,225,829 
1,339,594 
1,415,274 
1,581,806 
1,735,253 

164,024 

245,263 

260,106  ' 

265,486 

353,319 

418,904 

443,491 

526,867 

657,137 

764,930 

16,189 
16,755 
17,877 
14,479 
17,584 
20,228 
21,722 
23,258 
26,084 
28,774 

8,197 
14,516 
17,343 
15,333 
20,360 
23,203 
21,243 
24,169 
31,422 
38,651 

19.49 
18.90 
18.41 
14.48 
15.93 
■     16.50 
16.22 
16.43 
16.49 
16.58 

49.98 
59.20 
66.68 
57.76 
57.62 
55.40 
47.90 
45.87 
47.82 
50.40 

These  enormous  differences  in  the  birth-rate  of  the  native  and  the 
foreign  population  must  be  considered  in  connection  with  two  or 
more  limiting  facts.  First,  the  age  constitution  of  the  foreign 
population  is  quite  different  from  that  of  the  native  population,  since, 
as  was  shown  under  the  section  relating  to  marriages  (page  728), 
the  former  contains  a  greater  ratio  of  persons  of  child-bearing  ages. 
Second,  the  race  constitution  of  the  native  and  foreign  populations 
is  quite  different,  the  latter  being  composed  very  largely  of  per- 
sons from  countries  where  the  birth-rate  is  high.  The  continuous 
immigration  of  French  Canadians  of  adult,  child-bearing  ages  has 
had  an  undoubted  effect  upon  the  birth-rate. 
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The  population  enumerated  in  the  different  censases  as  being 
of  British-American  birth  had  increased  from  21,707  in  1855  to 
147,352  in  1885,  and  of  the  latter,  64,503  were  French  Canadians.* 

Plural  Births.  —  In  1895  the  number  of  cases  of  plural  birth  was 
745,  of  which  736  were  cases  of  twin  births  and  9  were  cases  of 
triplets,  the  whole  number  of  children  bom  in  such  plural  births 
being  1,499,  of  which  773  were  males  and  726  were  females. 

This  w{is  equivalent  to  the  following  ratios:  1.09  per  cent,  for 
cases  of  twins,  or  1  case  to  92  living  births,  and  .013  per  cent,  for 
cases  of  triplets,  or  1  case  to  each  7,505  living  births. 

For  the  two  twenty-year  periods  the  figures  were  as  follows :  — 


Table  25,  — Plural  Births,  1856-95. 


Pbuods. 

All 
Births. 

1 

Ca«et        Cues 

of             of 
Twins.   .  Triplet!. 

Percentage 

of 
Twin  Birthi. 

Percentage 
Triplet  BIrtlif. 

UTlng  BIrtha 

to  One 
CaaaofTwlna. 

LtTlngBirtta 

to  One 

CaaeofTnpIeta. 

185«-76.    . 
18T0-95,    . 

731,33ft 
1,049.637 

6,852 
9,4ft0 

76 
109 

0.94 
0.90 

.013 
.018 

100.7 
lU.l 

•,aa9 

The  foregoing  figures  are  derived  from  more  than  one  and  three- 
fourths  million  births  which  occurred  in  Massachusetts  in  the  forty 
years  1856-95.  They  may  be  compared  with  the  statistics  of  aboat 
twenty  million  births  which  occurred  in  the  following  countries, 
mostly  during  the  ten  years  1874-83  :  — 


Table  26.  — i?a/wq/  Plural  Births. 


Twlna  In  1,000 
I  Labora. 


Tr^leta  la  1^ 


SwlUerUndft 

Pra*U,t 

BftTarls,! 

AuatrU,t 

Italy.t     .       .       .       . 

Fr»nc«,t. 

Bweden,t 

Mattachutetttt  1868-95, 


12.S 
12.2 
12.4 
11.7 
12.1 

9.8 
14.4 

0.2 


0.12 
O.U 
0.18 
0.1ft 
O.U 
O.U 
0.17 
0.13 


*  Bee  Report  of  ProvlneUl  Board  of  Health  of  Quebec,  189S-96,  page  58,  for  Mrth-ralaa  In  eooBtlti 
inhabited  moatly  by  the  French  population. 

t  IMe  Bewegung  der  BeyQlkerung.    Bern,  1885. 
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SixlUbirihs.  —  The  whole  number  of  still-births  registered  in  the 
two  twenty-year  periods,  together  with  the  number  of  living  births 
whose  sex  was  known,  is  indicated  in  the  following  table  :  — 


ABLE  ^1.  — Living  Births  and  Still-births,  1856-95. 


Malbs. 

Fbmalks. 

* 
s 

Pkriods. 

• 

• 

1 

GO 

• 

Per  Cent, 
StiU-bom. 

a 

1 

• 

1 

3 

00 

t 

& 

Per  Cent 

sun-bom. 

■2i 
P 

1866-76, 
1876-96, 

876,324 
616,186 

11,391 
20,266 

886,716 
686,460 

a.96  ' 
8.78 

864«466 
489,468 

7,689 
18,618 

862,066 
608,081 

2.10 
2.71 

2.64 
8.26 

Totals,  . 
Means,  . 

890,609 

31,666 

922,166 

8.42 

843.984 

21,202 

866,186 

2.46 

2.96 

The  deaths  of  males  to  those  of  females,  among  the  still-born  in- 
fants whose  sex  was  known,  in  the  first  period,  maintained  the  ratio 
of  1,501  males  to  1,000  females,  and  in  the  second  period  1,489  males 
to  1,000  females. 

The  recorded  fatality  for  each  sex  was  greater  in  the  second  period 
than  it  was  in  the  first,  being  for  males  2.95  per  cent,  of  all  recorded 
births  of  males  living  or  dead,  in  the  first  period,  and  3.78  in  the 
second,  and  for  females  2.10  per  cent,  in  the  first  and  3.26  in  the 
second. 

The  mean  percentage  of  the  whole  period  for  males  was  3.42  and 
for  females  2.45,  and  for  both  sexes  2.96,  the  latter  being  the  ratio 
of  52,858  still-births  to  1,787,301  births  living  and  dead,  of  those 
whose  sex  was  known. 

In  the  first  period  there  were  1,589  still-births  the  sex  of  which 
was  not  registered,  or  7.7  per  cent,  of  the  whole  number  of  still- 
births registered  in  that  period.  In  the  second  period  there  were 
1,558  of  this  class,  or  4.6  of  the  whole  number.  This  reduction, 
not  only  in  the  relative  but  also  in  the  absolute  figures,  may  be 
taken  as  an  indication  of  more  perfect  registration,  and  probably 
furnishes  a  partial  explanation  of  the  increased  percentage  of  the 
still-born  in  the  second  period  as  compared  with  the  first. 

The  still-births  registered  in  1895  were  2,367,  of  which  number 
1,423  were  males,  892  were  females,  and  the  sex  of  52  was  not 
stated. 
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The  following  figures  comprise  the  statistics  of  over  a  half-million 
still-births  which  were  registered  in  the  countries  named  :  — 


Table  28.—  SttU-birlhs  in  100  Births* 


Males. 

Femalee. 

it 

Totals.    ■ 

Oermftn  Empire,  . 

4.38 

8.52 

3.01 

AnitrU, 

a.n 

2.27 

2.63      ; 

Itftly, 

8.33 

2.6Q 

8.02 

Malee. 


Belgiam, 

Sweden, 

Bwitxerland, 


4.28 
8.23 
4.27 


8.S4 
2.M 
8.4S 


3.B 
2.91 

s.tr 


*  Die  BeweguDg  der  Ber^Ikening  In  der  SohweU.    Bern. 

The  death-rate  of  the  still-born  among  illegitimates  is   usually 
from  10  to  30  per  cent,  higher  than  that  of  legitimate  infants. 


Illegitimacy. 

The  record  of  illegitimacy  in  Massachusetts  must  be  more  or  less 
incomplete,  because  under  existing  laws  there  is  no  requirement  that 
the  certificate  shall  contain  the  facts  as  to  legitimacy  or  illegitimacy. 
A  partial  clue  to  the  solution  of  this  question  exists  in  the  names  of 
the  parents,  which  must  be  recorded.  The  tendency  of  legislation  in 
this  direction  does  not  appear  to  improve  the  accuracy  of  the  record. 
Moreover,  a  considerable  number  of  births  occurs  in  each  year  in 
which  the  parentage  is  unknown,  or  not  stated  in  the  record.  The 
presumption  is  that  most  of  these  births  are  illegitimate. 

AVith  these  facts  in  view  the  following  figures  are  presented,  for 
the  period  1856-91. 

During  the  first  twenty  years  of  the  period,  from  10  to  25  per 
cent,  of  the  recorded  illegitimate  births  occurred  in  the  three  State 
almshouses  at  Tewksbury,  Bridge  water  and  Monson.  To  these 
should  be  added,  in  the  second  period,  a  small  number  at  the  Re- 
formatory Prison  for  Women.  The  relative  number  of  such  births 
at  public  institutions  was  less  in  the  second  period  than  in  the  first. 
The  unusual  ratio  recorded  in  Suffolk  County  is  due  to  a  larger 
number  of  such  births  in  the  public  charitable  and  correctional  in- 
stitutions of  Boston. 
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Table  29.  —  UUgiUmaU  Births  in  Masaaehusetts,  1856-91. 


▼kasii 

lUegltlmato 

lUUoto 

VMAva 

niegiUmate 

Ratio  to 

Blitht. 

1,000  Blrthi. 

a  mAjHB» 

Births. 

1,000  Births. 

1856,       . 

257 

7.5 

1876,    . 

713 

16.9 

1857,      . 

242 

6.9 

1877, 

697 

16.6 

1858,      . 

293 

8.5 

1878,    . 

640 

15.5 

1859,      , 

237 

6.7 

1879,    . 

716 

17.8 

1860,      . 

294 

8.2 

1880,    , 

778 

17.6 

1861,      . 

290 

8.2 

1881,    . 

801 

17.7 

1862,      . 

247 

7.6 

1882,    . 

865 

18.9 

1863,      . 

277 

9.1 

1883,    . 

899 

19.0 

1864,      . 

285 

9.3 

1884,    , 

894 

18.4 

1865,      . 

271 

8.9 

1885,    . 

903 

18.5 

1866,      , 

281 

8.2 

1886,    . 

1,034 

20.3 

1867, 

292 

8.3 

1887,    , 

1,158 

21.8 

1868,      . 

366 

10.1 

1888,    , 

1,058 

19.3 

1869, 

286 

7.9 

1889,    , 

1,045 

18.3 

1870, 

285 

7.4 

1890,    . 

1,206 

20.9 

1871, 

432 

10.9 

1891,    . 

1,078 

17.1 

1872, 

303 

7.0 

1892,    . 

— 

~ 

1873, 

587 

13.2 

1893, 

— 

— 

1874, 

648 

14.2 

1894, 

— 

— 

1875, 

632 

14.4 

1895, 

— 

- 

6,805 

9.3 

14,485 

18.5 

If  any  reliance  can  be  placed  in  these  figures,  illegitimacy  has 
increased  considerably  in  Massachusetts,  comparing  the  two  periods, 
that  of  the  first  being  as  9.3  per  1,000  births  and  that  of  the  second 
period  as  18.5  per  1,000. 

On  account  of  the  defective  character  of  the  returns  upon  this 
point  for  the  years  1892,  1893,  1894  and  1895,  the  figures  of  these 
years  are  omitted  from  the  foregoing  table,  and  the  total  number  of 
illegitimate  births  at  the  bottom  of  the  column  (14,485)  and  the  ratio 
(18.5)  are  for  the  sixteen  years  ending  with  1891. 

Sex. — In  the  twenty  years  185t5-75  there  were  registered  3,294 
births  of  illegitimate  males  and  3,472  of  females,  or  in  the  ratio  of 
1,054  females  to  1,000  males.     The  sex  of  39  was  unknown. 

In  the  twenty  years  1876-95  there  were  registered  8,820  births 
of  illegitimate  males  and  8,302  of  females,  and  the  sex  of  33  was 
unknown,  or  in  the  ratio  of  941  females  to  1,000  males. 
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The  following  table  presents  the  Ulegitimate  birth-rates  deduced  from 
over  thirty  million  births  in  the  conntries  named :  — 


Table  30.- 

—  IlUgiiimacy  in  Different  CkmnMes* 

nteflUmate 

Births  per  1,000 

Births. 

niMltlmelt 
BlrtlMparUM 

Tbe  QeroMii  Smpin,     . 

88 

England, 

48 

AmtrU, 

140 

Denmark, 

lOS 

luiy 

78 

Sweden,         .       .       .       •       . 

101 

France, 

74 

Norway,         .       .       •       •       • 

8ft 

Belgium, 

76 

Bwltserland, 

50 

Holland 

82 

! 

U 

*  Die  Bewegnng  der  BoTdlkerang  in  der  Bchwelx.    Ben. 


DEATHS. 

The  number  of  deaths  registered  in  1895  was  47»450.  This  was 
greater  than  the  number  registered  in  1894  by  659,  but  was  less 
than  those  of  1892  or  1893.  The  death-rate  per  1,000  of  the  liying 
population  was  19.01,  which  was  less  than  that  of  any  previocu 
year  since  1879,  except  that  of  1886,  which  was  18.64  per  1,000. 

Comparing  the  death-rates  of  the  two  twenty-year  periods,  1856-75 
and  1876-95,  the  death-rates  were  nearly  identical,  or  19.49  for  the 
former  and  19.51  per  1,000  for  the  latter  period,  the  difference  being 
only  .02. 

The  death-rates  of  the  successive  five-year  periods  were  as  follows: 
17.94,  20.71,  18.19,  20.83,  18.84,  19.82,  19.41  and  19.83. 

The  following  table  presents  the  deaths  and  death-rates  for  each 
year  from  1856  to  1895  inclusive,  together  with  the  death-rates  for 
the  five-year,  ten-year  and  twenty-year  periods.  The  numbers  for 
earlier  years  may  be  found  in  the  table  on  page  721. 
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Table  31.- 

-  Deaths  and  Death-rates,  1866-96,  Massachusetts. 

• 

m 

s 

Dkath-batks. 

Ybabs 

■ 

• 

t 

Dbath-batbs. 

Ykabs. 

Five-year 
Periods. 

Ten-year 
Periods. 

t 

Teo-yaar 
Periods. 

1856,    . 

90,734 

18.00 

' 

1876, 

88,186 

19.78 

1 

1867,    .        .        . 

21,280 

;    18.17 

1877, 

81,842 

18.40 

1 

1858,    . 

20,776 

'    17.45 

In. 94 

^ 

1878, 

81,808 

18.10 

)^  18.84 

* 

1850,    .        .        . 

20,976 

17.88 

1879, 

81,801 

18.11 

1 

1880,    .        .        . 

23,068 

18.74 

J 

19.86 

1880, 

85,292 

19.70 

J 

19.85 

1861,    . 

24,085 

19.45 

' 

,  1881, 

86,458 

20.10 

^ 

1862,    . 

22,974 

18.45 

1882, 

86,785 

19.03 

1863,    . 

87,751 

22.15 

1 20. 71 

1888, 

87,748 

80.11 

ll9.82 

1864,    . 

28,753 

22.88 

1884, 

86,990 

19.88 

1865,    .        .        . 

26,152 

20.64 

* 

1885, 

88,094 

10.61 

J 

1866,    . 

28,637 

18.14 

1 

1886, 

87,844 

18.64 

^ 

1867,    . 

22,772 

17.00 

! 

1887, 

40,768 

19.85 

1868,    .         .        . 

25,608 

18.58 

^18.19 

> 

1888, 

48,097 

10.90 

Uo.41 

< 

1860,    . 

26,054 

18.89 

1889, 

41,777 

19.80 

J 

1870,    .        .        . 

27,829 

18.75 

1880, 

48,528 

19.44 

I 19.59 

I1O.68 

1871,    . 

27,948 

18.70 

1 

1891, 

45,185 

19.74 

% 

1872.    . 

35.019 

22.85 

1892, 

48,702 

80.84 

1878,    . 

88,912 

21.58 

V20.83 

1898, 

49,084 

80.58 

I1O.88 

1874.    . 

81,887 

19.79 

1894, 

46,791 

19.14 

1875,    .       .       . 

84.978 

21.17 

J 

1885, 
Total,. 

47,540 

19.01 

0 

Total,  .       . 

525,683 

« 

791,770 

. 

Mean,  . 

" 

19.49 

Mmb, 

" 

10.51 

Mean  of  40  yaara. 


10.60  per  1,000 


The  course  of  the  death-rate  from  year  to  year  is  shown  in  the 
foregoing  table  and  in  the  diagram  on  page  712.  In  the  table  the 
year  1872  is  shown  to  have  had  an  unusually  high  death-rate,  a 
fact  which  appears  upon  inspection  to  have  been  due  to  the  preva- 
lence of  several  infectious  diseases  as  epidemics. 

In  that  year  small-pox  caused  a  death-rate  of  6.7  per  10,000, 
which  was  more  than  four  times  greater  than  the  mean  death-rate 
of  the  twenty-year  period  from  this  cause,  and  was  also  much  the 
highest  of  the  whole  period  of  forty  years.  The  death-rate  from 
measles  was  also  nearly  double  the  mean  of  the  twenty-year  period, 
and  greater  than  that  of  any  year  of  the  forty-year  period  except 
one.  The  death-rate  from  scarlet-fever  was  a  little  greater  than 
the  mean  of  the  twenty  years.  That  of  typhoid  fever  was  greater 
than  that  of  any  year  except  two  in  the  forty  years.  That  of  cholera 
infantum  was  double  the  mean  of  the  twenty-year  period,  and  the 
greatest  of  any  year  in  the  entire  forty  years.  That  of  pneumonia 
was  also  greater  than  the  death-rate  of  any  year  of  the  twenty-year 
period  except  one. 
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Such  a  year  was  also  1849,  in  a  still  earlier  period,  when  the 
death-rate,  even  with  more  imperfect  registration,  amouDted  to 
21.16  per  1,000. 

In  that  year  diarrhoeal  diseases  (including  1,188  registered  as  from 
Asiatic  cholera)  produced  a  death-rate  of  46.0  per  10,000  living, 
and  amounted  to  21.7  per  cent,  of  the  total  mortality,  as  compared 
with  a  mean  of  less  than  10  per  cent,  in  the  forty  years  1856-95. 
Dysentery  in  that  year  attained  the  enormous  death-rate  of  25.4  per 
10,000  living,  a  mortality  far  beyond  that  of  any  year  in  the  whole 
period  of  registration  from  this  cause.  The  deaths  registered  as 
from  dysentery  in  that  year  were  more  than  the  entire  number 
registered  from  the  same  cause  in  the  previous  seven  years  of 
registration. 

Deaths  by  Sexes.  —  The  number  of  registered  deaths  of  males  in 
1895  was  24,175,  and  that  of  females  was  23,365. 

The  death-rate  of  males  was  19.91  and  that  of  females  was  18.18 
per  1,000  of  the  living  population  of  each  sex. 

The  following  table  presents  the  mortality  of  the  sexes  during  the 
census  years  1860-95  :  — 


Table  82.  —  Mortality  oj  the  Sexes  in  Census  Years^  1860-95. 




DeaChaofMalaeto 

I>eathf 

DMthf 

I>eath-nto  of 

D««th-r«te  of 

1,000  Deatha  of 

YKAB8. 

ofMalei. 

of  Females. 

Malaa. 

Fematoa. 

Famatea  In  Eqval 
Kamban  Ltvuf. 

I860,. 

11,444 

11,547 

19.3 

18.4 

1,048 

1865, . 

18,085 

13,024 

21.7 

19.6 

1,107 

1870, . 

13,699 

13,598 

19.5 

18.6 

1,048 

1876, . 

17,329 

17,619 

21.8 

20.5 

1,068 

1880, . 

17,426 

17,852 

20.3 

19.3 

1,052 

1885,. 

18,889 

19,205 

20.2 

19.0 

1,063 

1890, . 

21,767 

21,761 

20.0 

18.9 

1,058 

1895, . 

24,175 

23,865 

19.9 

18.2 

1,095 

The  disparity  between  the  death-rates  of  the  sexes  in  Massachusetts  was 
generally  less  than  that  of  England,  which  was  as  1,121  deaths  of  males  to 
1,000  deaths  of  females  in  equal  numbers  living  for  1894,  and  as  1,103  to 
1,000  for  the  whole  period  of  registration,  1838-94. 


Deaths  br/ Seasons.  —  In  the  following  table  are  presented  the 
statistics  of  deaths  by  months  and  by  sexes  in  Massachusetts  for 
the  year  1895  :  — 
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Table  38.- 

-  Mortality  by  Months^  MassachusttU^  1895. 

1 

s 

s 

4 

Monthlj  Mor- 

6 

MOXTRS. 

Males. 

FemAlet. 

Total!. 

Death-rate 
l>er  1,000. 

tality  Reduced 

to  a  Btendard 

of  100.» 

Death!  per 
Daj. 

January, 

1,926 

1,904 

3,830 

18.13 

94.8 

123.5 

February, 

2,260 

2,284 

4,544 

23.82 

124.6 

162.3 

March,  . 

2,821 

2,331 

4,652 

22.03 

115.2 

150.1 

April,    . 

1,959 

1,949 

3,908 

19.02 

100.0 

130.3 

May,     . 

1,899 

1,752 

3,651 

17.20 

90.4 

117.8 

June,    . 

1,602 

1,519 

3,121 

15.18 

79.8 

104.0 

July,     . 

2,065 

1,862 

3,917 

18.36 

97.0 

126.4 

Au;^ust, 

2,457 

2.814 

4,771 

22.85 

118.2 

153.9 

September,  , 

2,094 

2,024 

4,118 

19.94 

105.4 

137.3 

October, 

1,931 

1,892 

3,828 

17.81 

94.7 

123.8 

November,   . 

1,801 

1,691 

3,492 

16.82 

89.4 

116.4 

December,    , 

1,870 

1,843 

3,713 

17.81 

92.0 

119.8 

24,175 

23,365 

47,540 

19.01 

100.0 

180.25 

*  In  colniuD  6  100  is  taken  as  the  annual  mean  for  a  monthly  period  of  nnlform  length. 

In  the  foregoing  table,  in  the  figures  presented  in  colamns  5  and  6 
the  inaccuracies  due  to  the  unequal  length  of  the  months  have  been 
eliminated  by  comparing  the  daily  number  of  deaths  in  each  month 
with  the  mean  daily  number  for  the  year.  It  is  also  quite  plain  that 
an  estimate  of  population  which  may  be  applied  in  calculating  the 
death-rate  in  January  and  February  cannot  reasonably  be  applied 
to  the  same  purpose  in  November  and  December,  since  the  annual 
increase  of  the  population,  amounting  in  recent  years  to  about 
60,000  annually,  is  thus  disregarded.  Hence,  in  estimating  the 
death-rates  given  in  column  4,  a  quarterly  estimate  has  been  adopted 
based  upon  the  rate  of  growth  from  1890  to  1895,  after  the  method 
adopted  by  the  Registrar  General  of  England  in  his  weekly  repoils. 
By  this  table  it  appears  that  the  highest  daily  number  of  deaths 
occurred  in  February,  and  the  next  highest  in  August  and  in  March, 
and  the  least  daily  number  occurred  in  June,  November  and  May. 

The  percentages  of  deaths  in  each  quarter  of  the  year  were  as 
follows :  — 

Id  the  first  quarter, 27.40 

In  the  secoDd  quarter, 22.47 

In  the  third  quarter, 26.94 

In  the  fourth  quarter, 23.19 

100.00 
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Deathit  by  Months  for  Two  Tirenty-year  Periods.  —  In  the  follow- 
ing  table  are  presented  the  deaths  by  months  for  the  two  twenty- 
year  periods  1856-75  and  l«76-95  :  — 

"ij^OLr^Zi.— Dtftihabij Morak»,1856-9o,wilh  Belatice  Figurti for  Other  Countne$. 


.„„.,        1 

"*'" 

iviv 

i".'l«V'v«'lt  "" 

c.™.. 

7B-B»,- 

Uatrm. 

! 

1 

iu«-ra. 

■STa-as. 

j|j! 

1     t 

1 

Junirf,        . 

4i,ni 

?o,s» 

M.71 

101. Dl 

llO.lllM.l'lll.O 

,„.,w, 

Frtroiry,       , 

38.m 

11,™ 

H.t>  ts.n 

i«].B^at.si 

„..»..j„.., 

± 

MiKll,    .         . 
April,     .        . 

«,SSI 

4I,I»S 

n,7H 

:;;  }- 

1.3  I'lOT.Jnt.l 

M"]-.       ■        . 

U.4t1 

B,.B 

BO.I  >  N.4J 

II.))'  S3.tJ 

tlU.tlM.('l<KI.« 

U.I  «g.i 

Juat.      .        . 

3t,S» 

»,K0 

n.4J 

M.IJ 

M.1   B«.»   87.  B 

«.^  «.r 

July,       .        . 

«,jir 

i).4ri 

IDS.Tl 

in.ii 

„,.«.„., 

Si.4 

Al.gH.t.  .          . 

i>,n* 

n,«i 

in.iHis.r 

1».0HM.4| 

H-!"-- 

m.s 

St.! 

H,n9 

4t,SU 

Br,9g3 

IR.IJ 

"■'] 

11.1}  K.i 

107.  t 

n.n 

83. S   SO.ft;  W.S 

wis 

»o.: 

Ho».n.«wr,     . 

W,MI 

it.m 

a.ft  n.i] 

89.<    M.fl'  M.S 

«.*!«.. 

DwemtHr,     . 

41, Hi 

»,m 

M.IJ 

H.lJ 

*,.S  1*0.4.0... 

ii».:iM.i 

Toul.      . 

in,iit 

n\,m 

- 

- 

-|       -|        - 

-      - 

M«d,      . 

n.i 

in  ,4 

IDD.D 

laa.g 

IftO.D  IM.D 

•  Tha  ngur«(  tor  olbgr  coiiDlrlei  ir*  tbe  maltot  obMnatloM  npoa  ntr  ■ 
raflittred  Id  the  canairiai  ovnod. 

By  the  foregoing  table  it  appears  that  in  the  Erst  twenty-year 
period  tlie  mean  daily  number  of  deaths  was  71.9  and  in  the  second 
period  108.4.  The  months  in  which  the  deaths  were  above  the 
mean  were  July,  August  and  Scptemlierin  the  first  period,  and  Jan- 
uary, February,  March,  April,  July,  August  and  September  in  the 
second  period.  In  the  first  period  the  deaths  in  the  first  half  of  the 
years  compared  with  those  in  the  last  half  were  as  1,000  to  1,163, 
and  in  the  second  period  as  1,000  to  1,045  (in  equal  periods  of  time). 

Nativity.  — Since  no  statement  of  deaths  by  nativity  appears  in 
the  registration  reports  until  1888,  the  deaths  and  death-rates  of 
the  native  and  foreign  population  are  only  presented  for  the  years 
1888-95. 

The  populations  of  each  group  are  also  given,  with  estimates  for 
the  intercens&l  years. 
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Table  35.  —  PopultUion,  Deaths  and  Death-rates,  Native  and  Foreign,  for  the  Tears 

1888-93. 


PorCLATIOV. 

Dbaths. 

Dkath-iatbs. 

Tbabs. 

NatlTe. 

Forvign. 

TOUL 

Native. 

Foreign. 

Natlre. 

Foreiffn. 

1888,       . 
18S9,       . 

1890,  . 

1891,  . 

1892,  . 

1893,  . 

1894,  . 
1896,      . 

1,513,273 
1,547,214 
1,581,806 
1,611,437 
1,641,590 
1,672,271 
1,703,490 
1,735,253 

601,863 
628,945 
657,137 
677,474 
698,403 
719,945 
742,114 
764,930 

2,115,136 
2,176,159 
2,238,943 
2,288,911 
2,339,993 
2,392,216 
2,446,604 
2.600,183 

31,124 

30,650 
31,605 
82,733 
35,097 
35,285 
34,301 
34,472 

10,674 

10,687 
11,508 
11,907 
13,044 
13,136 
11,896 
12,515 

20.6 
19.8 

20.0 
20.3 
21.4 
21.1 
20.1 
19.9 

17.6 

17.0 
17.6 
17.6 
18.7 
18.3 
16.0 
16.4 

265,267 

95,266 

20.4 

17.4 

The  foregoing  table  shows  that  the  death-rate  of  the  foreign  popu- 
lation for  the  eight  years  was  less  in  each  year  than  that  of  the  na- 
tive population,  the  mean  difference  for  the  whole  period  1888-95 
being  3  in  each  1,000  living. 

This  difference  may  be  partly  accounted  for  by  the  difference  in 
the  age  constitution  of  these  two  groups  of  the  population,  as  was 
stated  under  the  section  relating  to  marriages.  The  same  difference 
which  would  produce  an  increased  marriage  and  birth  rate  would 
also  produce  a  diminished  death-rate,  other  things  being  equal. 

Density  of  Population. 

It  was  shown  in  the  early  reports  of  the  Registrar-General  of 
England  that  the  death-rate  of  communities  bears  a  definite  relation 
to  the  density  of  population.  The  area  of  a  state  or  county  re- 
maining constant,  as  the  population  increases  the  density  increases. 
The  proximity  of  persons  to  each  other  and  their  consequent  liabil- 
ity to  communicate  infectious  diseases  increase  with  the  density. 

In  the  following  table  the  population  of  the  State  is  divided  into 
two  groups  of  counties,  which  may  be  properly  called  urban  and 
rural  groups.  The  former  contains  56  cities  and  towns,  each  having 
a  population  of  more  than  5,000  (census  of  1895)  ;  the  latter  has  29 
such  places. 

Nearly  nine-tenths  of  the  inhabitants  of  the  former  group  live  in 
these  populous  cities  and  towns,  while  the  population  of  the  latter 
group  living  in  such  places  is  less  than  half  of  the  population  of  the 
group. 
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Tablk  S6.  —  SelcUian  of  the  Death-rate  to  Density  of  Population^  by  Chroups  cf 

Counties,  1895, 


COUHTIKt. 


Areata 

8q.  MUM. 

Peraon*  to 

8q.  MUe. 

Popatatloii. 
IMS. 

Deaths. 
18SS. 

Deftib-nUM 
perljOtt. 

48 

11,348 

680,700 

12,114 

22.4 

ttft 

889 

880,808 

841S 

18.0 

868 

681 

480,217 

8.019 

18.0 

687 

878 

210,010 

4.M8 

10.6 

686 

»2 

184,810 

2.186 

16.1 

886 

i40 

162,088 

2,041 

10.2 

8,188 

688 

1,878,188 

88,881 

10.8 

1.6M 

108 

808,446 

6,401 

17.0 

888 

146 

101,408 

1,808 

16.7 

697 

01 

64,710 

018 

16.T 

068 

00 

88,202 

1,886 

16.1 

417 

88 

27,864 

60S 

21.4 

68 

67 

8,018 

78 

26.2 

888 

67 

40,146 

806 

16.2 

110 

80 

4,288 

07 

22.0 

6,127 

123 

828,008 

10,850 

17.4 

8,816 

801 

2,600,188 

47,640 

10.0 

Saffolk, 


MlddleMZ, 
BrUtol,  . 
Norfolk, 
HMopdon, 


'Woreoater, 
Plymoatb, 
Hampahiro, 
Borkahiro, 
Bamttable, 
NftDiQoket, 
FraokllD, 
Dokea,  . 


Tbs  Btati, 


In  the  accompanying  table  the  density  is  expressed  by  the  average 
number  of  persons  living  upon  each  square  mile  of  area.  The  same 
might  also  be  expressed  in  terms  of  acres  to  each  person,  as  in  the 
twenty-third  annual  report  (paper  on  '^  Geographical  Distribution 
of  Disease"). 

The  density  has  increased  as  follows :  — 


Tablr  87.  —  Density  of  Population^  1860-95. 


YB4M. 


Ubbav  DianiOTS. 


Pertoni  to 
6q.  Mile. 


Doath-rmta. 


1880, 

iro, 

1880, 
1800, 


282 
819 
406 
620 
688 


10.6 
19.6 
20.6 
20.0 
19.6 


RmuL  DitniCTS. 


Paraoni  to 
8q.M0a. 


Daath-nto. 


77 
88 

08 
118 
122 


18.8 
17.0 
18.0 
17.8 
17.4 


2.8 
2.8 
2.8 
2.2 
2.2 
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Note.  —  In  the  supplement  to  the  twenty-fifth  annual  report  of  the 
Registrar-General  of  £ngland,  Dr.  Farr  gives  a  definite  statement  of  the 
relation  which  subsists  between  the  density  of  population  and  the  death- 
rate,  which  is  briefly  as  follows,  as  determined  by  observation,  dividing 
the  population  into  five  groups  :  — 

^^1.  Where  the  death-rate  was  14,  15  or  16  per  1,000  the  density  of 
the  population  averaged  86  persons  per  square  mile. 

*^  2.  Where  the  death-rate  was  17,  18  or  19  per  1,000  the  population 
was  172  per  square  mile. 

<'  3.  Where  the  death-rate  was  20,  21  or  22  per  1,000  the  population 
was  255  per  square  mile. 

^'  4.  Where  the  death-rate  was  23,  24  or  25  per  1,000  the  population 
was  1,128  per  square  mile. 

^'  5.  Where  the  death-rate  was  26  and  upwards  the  density  of  the  pop- 
ulation averaged  3,399  persons  per  square  mile." 


In  1855  Massachusetts  held  a  position  as  regards  density  about 
midway  between  the  first  and  second  of  the  foregoing  groups  (the 
density  then  being  136  per  square  mile),  while  in  1895  it  had  ad- 
vanced to  a  position  between  the  third  and  fourth  groups  (with  a 
density  of  300  per  square  mile).  Yet  during  these  four  decades 
the  death-rate  remained  practically  the  same,  — 19.4,  19.6,  19.4, 
19.6,  —  a  fact  that  may  be  taken  to  show  that  improved  sanitary 
conditions  have  very  nearly  counterbalanced  the  unfavorable  influ- 
ence of  increasing  density. 

Deaths  by  Ages. 

The  mortality  at  diflferent  ages  constitutes  an  important  index  of 
the  sanitary  condition  of  a  community  and  hence  requires  careful 
consideration. 

^^  As  tests  of  the  sanitary  condition,  the  death-rates  of  infants  under  one 
year  and  of  children  under  five  years  of  age  are  more  important  than  the 
rates  at  any  other  groups  of  ages.  Investigation  has  shown  beyond  doubt 
that  the  ages  of  young  children  are  very  incorrectly  returned  at  the  census 
enumeration,  owing  to  the  general  and  indiscriminate  use  of  two  methods 
for  describing  age.  At  the  census  enumerations  the  numbers  of  infants 
under  one  year  of  age  are  understated."  (Memorial  volume  on  ^^  Vital 
Statistics,"  London,  1885,  page  114.) 

The  foregoing  comment  by  Dr.  Farr  applies  with  equal  justice  to 
each  of  the  enumerations  of  the  United  States  census  and  to  those 
of  Massachusetts.     (See  report  of  the  Board  for  1894,  page  liv.) 
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Hence,  in  the  following  table  the  infantile  death-rate  is  not  cal- 
culated upon  the  census  figures  for  living  children  under  one  year 
but  upon  the  registered  births,  in  accordance  with  the  method  ad- 
vised by  Dr.  Chalmers  in  his  **New  Life-table  of  Glasgow,*' page 
14. 

No  attempt  has  been  made  to  carry  this  estimate  beyond  the  fifth 
year  of  life,  since  the  disturbing  eflect  of  migration  seriously  affects 
the  accuracy  of  any  calculation  upon  this  basis  when  applied  to  a 
rapidly  increasing  New  England  community.  The  newly  arrived 
foreign-born  infants  in  the  first  year  of  life  constitute  less  than  1 
per  cent,  of  the  children  of  that  age,  and  the  foreign-born  children 
among  those  under  five  years  of  age  constitute  less  than  4  per  cent, 
of  all  children  of  that  age ;  but  the  foreign  born  among  the  popula- 
tion from  thirty  to  fifty  years  of  age  constitute  fully  40  per  cent,  of 
the  population  of  those  ages.  It  is  chiefly  for  this  reason  that  the 
construction  of  an  accurate  life-tahle  from  the  population  and  mor- 
tality tables  of  an  American  State  is  rendered  practically  impossible. 

Table  88.— /w/a?i/  Mortality,  Massachusetts,  1856-95,  Forty   Years. 


Ybam. 

Birth*  In 

Year  ending 

June  80. 

I>eatbi 
nnder  One. 

D^iith-rate 

under  One 

per  1.000 

Births. 

Ybabs. 

Births  In 

Tear  ending 

Jane  30. 

D««ths 
under  One. 

Death-rate 
ando-OBS 
perljOOO 
Births. 

1856, 
1857, 
185^ 
1859, 
1860, 
1861, 
1862, 
1868, 
1864, 
1865, 
1866, 
1867, 
1868, 
1869, 
1870, 
1871, 
1872, 
1873, 
1874, 
1875, 

83,593 
84,919 
85,210 
84,425 
86,180 
85.570 
8 1,064 
81,276 
80,004 
30,481 
81,295 
84,792 
85,775 
85,684 
87,753 
88,770 
41,893 
43,563 
45,570 
44,828 

4,226 
4,160 
4,197 
4,175 
4,821 
5,167 
4,216 
4,545 
4,693 
4,869 
4,699 
4,763 
5,421 
5,368 
6,206 
5,996 
8,390 
7,911 
7,489 
7,712 

125.8 
119.2 

119.2 
121.3 
133.2 
145.2 
124.0 
145.2 
156.4 
159.6 
150.1 
136.9 
151.5 
150.5 
164.4 
154.7 
202.7 
181.6 
164.3 
172.0 

1876,  . 

1877,  . 

1878,  . 

1879,  . 

1880,  . 

1881,  . 

1882,  . 

1883,  . 

1884,  . 

1885,  . 

1886,  . 

1887,  . 

1888,  . 

1889,  . 

1890,  . 

1891,  . 

1892,  . 

1893,  . 

1894,  . 

1895,  . 

Total, . 
Mean, . 

48,340 
41,635 
41,622 
41,010 
42,420 
44,715 
45,280 
45,998 
48,666 
48.710 
49,214 
52,364 
53,770 
56,140 
57,828 
60,246 
68,969 
66,492 
67,574 
66,746 

6,700 

6,843 

6,189 

6,855 

7,190 

7,889 

7,445 

7,515 

7,785 

7,625 

7,848 

8,514 

8,870 

9,105 

9,625 

10,186 

10,649 

10,990 

10,899 

10,564 

154.6 

152.4 

148.7 
142.8 
169.5 
166.9 
164.4 
163.3 
158.9 
156.5 
159.5 
162.6 
164.9 
162.2 
166.5 
169.0 
166.5 
165.3 
161.3 
158.2 

Total,  . 
Mean,  . 

725,145 

109,024 

150.8 

1,037,729 

167,236 

161.2 

Mean  of  whole  period,  156.7. 
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Strictly  speaking,  the  death-rate  of  infants  under  one  year  is  ob- 
tained by  comparing  the  deaths  of  such  infants  occurring  in  a  year 
with  the  mean  number  of  infants  under  one  living  throughout  a  year, 
and  this  number  must ''  lie  between  the  annual  number  of  births 
and  that  number  diminished  by  the  deaths  under  one.  It  would  be 
nearer  the  latter  than  the  former  number  on  account  of  the  excess 
of  deaths  in  the  first  months  of  life."     (Dr.  Farr.) 

For  the  sake  of  uniformity  in  comparison  with  the  statistics  of 
other  states  and  countries,  the  deaths  under  one  are  hero  compared 
with  the  births.  In  the  foregoing  table  the  births  in  the  first  line 
(1856)  are  those  which  occurred  between  July  1,  1855,  and  June 
30,  1856,  inclusive,  and  so  on  through  the  table,  the  births  in  the 
last  line  being  for  the  year  ending  June  30,  1895. 

The  deaths  under  one  in  the  same  table  are  those  of  the  calendar 
years  ending  Dec.  31,  1856,  1857,  etc.  The  births  in  this  whole 
period  were  1,762,874,  and  the  deaths  under  one  year  were  276,260, 
which  is  equivalent  to  a  death-rate  of  156.7  per  1,000  living  births, 
as  a  mean  of  the  whole  period. 

Dividing  the  whole  time  into  ten  and  twenty  year  periods,  the 
infantile  death-rate  of  the  first  twenty  years  was  150.3  and  that  of 
the  second  twenty  years  was  161.2  per  1,000  births.  The  difference 
in  the  rates  of  the  ten-year  periods  is  much  greater,  chiefly  on  account 
of  the  disturbing  effect  of  the  epidemic  years  1872  and  1873,  when 
cholera  infantum  prevailed  to  an  unusual  degree.  The  infantile  death- 
rates  of  the  four  ten-year  periods  were,  respectively,  134.2,  164.2, 
157.8,  163.6.  By  this  it  appears  that  the  infantile  death-rate  has 
increased  considerably  when  we  compare  the  first  twenty  years  with 
the  last  twenty,  and  especially  when  the  first  and  last  ten  years  are 
compared.  If  the  figures  for  the  two  years  1872  and  1873  were  to 
bo  omitted  from  the  table,  the  infantile  death-rate  of  the  remaining 
eight  years  in  the  ten-year  period  1866-75  would  be  reduced  to 
156.5. 

The  death-rate  of  infants  under  one  has  diminished  with  consider- 
able uniformity  during  the  last  five  years  (1891-95)  from  169.0  per 
1,000  births  in  1891  to  158.2  in  1895. 
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Infant  Mortality  of  Cities. 

For  the  purpose  of  presenting  the  infant  mortality  of  the  cities  of 
Massachusetts,  a  ten-year  period  has  been  selected,  and  since  only 
eleven  out  of  the  thirty-two  cities  enabraced  in  this  summary  existed 
as  incorporated  cities  at  the  beginning  of  the  period  under  con- 
sideration, the  ten  years  1881-90  are  selected  for  examination.  The 
later  ten-year  period  1886-95  would  have  been  selected,  but  unfort- 
unately the  presentation  of  the  deaths  by  ages  in  the  different  cities 
in  the  State  appears  to  have  been  abandoned  in  the  registration 
reports  since  1890. 

In  the  following  table  the  cities  are  arranged  with  reference  to 
their  comparative  rank  so  far  as  infant  mortality  is  concerned. 

Of  the  first  seven  cities  in  this  table  all  except  Boston  are  cities  in 
which  the  cotton  and  woollen  industries  largely  predominate.  In 
the  first  three  the  tenement-house  population  is  also  unusually  large. 

In  the  twenty-third  report  of  the  Board,  page  836,  attention  was 
also  called  to  the  fact  that  the  mortality  from  cholera  infantum, 
which  is  one  of  the  chief  factors  of  the  death-rate  under  one  year, 
bears  a  direct  relation  to  the  ratio  of  married  women  employed  away 
from  their  homes,  and  this  ratio  reaches  its  maximum  in  Fall  Kiver, 
where  this  class  constitutes  3.1  per  cent,  of  the  total  population. 

There  are  also  several  smaller  towns,  not  included  in  this  list 
(Webster,  Ware,  Adams  and  Millbury),  in  which  the  same  class  of 
manufactures  is  conducted,  and  which  have  a  considerable  tenement- 
house  population,  with  a  high  rate  of  infant  mortality. 

The  cities  of  Haverhill,  Marlborough,  Brockton  and  Lynn,  each 
having  an  infantile  death-rate  below  that  of  the  State  at  large,  are 
all  shoe  manufacturing  towns,  in  which  the  tenement-house  popula- 
tion is  comparatively  small. 

Near  the  bottom  of  the  list  are  the  cities  of  Maiden,  Everett,  Med- 
ford  and  Newton,  in  which  the  residential  population  largely  pre- 
dominates. The  manufacturing  population  constitutes  but  a  small 
fraction,  and  the  infantile  death-rate  is  much  less  than  that  of  the 
State. 

The  death-rate  of  infants  for  the  State  at  large  was  160  per  1,000 
births,  while  that  of  the  combined  urban  population  was  175  per 
1,000  and  that  of  the  rural  population  was  129. 
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Table  S9.  — Infant  Morlalily  ofCUiea,  Ten  Tears,  1881-90. 


Births. 

Deatht,  0-1. 

Infantile 
MorUUtj* 

Kaok.  the  »ute 
-100. 

Kail  River, 

18,^67 

4,449 

239.7 

149 

Lowell, 

18,684 

4,168 

222.6 

139 

Lawrence, 

11,724 

2,608 

213.9 

133 

Boston, 

117,674 

22,134 

188.2 

117 

Salem 

6,998 

1,264 

180.6 

112 

New  Bedford,         .... 

9,642 

1,713 

177.7 

111 

Chicopee, 

3,588 

631 

176.1 

110 

Cambridge, 

17,262 

2,974 

172.3 

107 

Holyoke, 

11,7JJ0 

1,972 

168.1 

105 

Che  sea, 

6,446 

1,076 

166.9 

104 

Springfield, 

10,276 

1,616 

167.3 

98 

Haverhill 

6,748 

903 

167.1 

98 

Worcester, 

21,211 

8,800 

166.6 

97 

Marlborough,          .... 

3,363 

620 

164.6 

96 

Soraerville, 

7,894 

1,211 

164.3 

96 

Newburyport,         .... 

3,137 

479 

162.7 

96 

Broc*kton, 

4,902 

720 

146.9 

91 

Pittsfield, 

8,663 

616 

144.8 

90 

Lj-nn 

11,866 

1,668 

140.7 

88 

Taunton, 

6,671 

923 

140.6 

87 

(Gloucester, 

6,726 

796 

138.8 

86 

Northampton,         .... 

8,021 

410 

186.7 

84 

Fitch  burg, 

4,804 

646 

134.3 

84 

Maiden, 

4,746 

638 

133.4 

83 

Everett, 

1,966 

268 

181.9 

82 

Walfham, 

3,660 

482 

181.7 

82 

Medford, 

2,025 

266 

130.9 

81 

Woburn, 

3,771 

479 

127.0 

79 

Quincy, 

4,242 

626 

124.0 

77 

Beverly, 

1,817 

216 

118.9 

74 

North  Adams,         .... 

6,310 

611 

116.1 

72 

Newton, 

4,370 

489 

111.9 

70 

Urban, 

346,168 

60,644 

174.9 

109 

Rural, 

168,119 

21,127 

129.6 

80 

The  State,    .... 

609,287 

81,671 

160.4 

100 

*  Deathf  of  Infanti  under  one  year  per  1,000  blrthi. 


Passing  on  to  the  next  years  of  childhood,  and  employing  the 
method  advised  by  Dr.  Chalmers  for  the  whole  period  of  forty  years, 
the  death-rates  are  as  follow  :  — 
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Table  40. 

-- Dealh-raie  per  1,000  Living  at  Same  Ages, 

Aoaa. 

PKSIODa. 

I899-7S. 

1S7«-M(. 

1-2  years, 

2-3  years, 

8-4  years, 

4-5  years, 

67.9 
86.0 
24.5 

18.8 

64.8 
28.4 

20.5 
15.6 

From  these  figures  it  appears  that  certain  interesting  changes  have 
taken  place  in  the  mortality  of  children  in  Massachusetts  during  the 
forty  years  under  consideration.  The  death-rate  of  infants  under 
one  year  is  greater  now  than  it  was  in  the  first  half  of  the  period, 
but  the  death-rate  of  children  from  one  to  five  years  is  less  than  it 
was  then. 

The  probability  that  an  infant  under  one  year  old  will  complete  itjj 
first  year  of  life  is  less  at  the  present  day  than  it  was  in  the  first 
half  of  the  period,  but,  having  survived  his  first  year  of  life,  his 
chance  of  completing  the  next  four  years  is  considerably  greater 
than  it  then  was.  A  discussion  of  some  of  the  conditions  contribut- 
ing to  these  chan<res  will  be  found  on  a  later  page,  under  the  title 
*'  The  Balance  of  Mortality." 

The  infantile  death-rate  differs  much  in  different  countries,  since  in  some 
communities  it  amounts  to  as  much  as  one-third  of  the  births  and  in  others 
it  is  not  more  than  one- tenth. 

The  following  table  presents  the  infantile  death-rate,  as  stateil  by  Dr. 
Eross  in  a  recent  paper  in  Koch's  "Zeitschrift  f.  Hygiene"  (Vol.  19, 
1896,  page  371)  :  — 

Table  il,  — Infant  Mortality,  Deaths  under  One  per  1,000  Births. 


CODMTRIBS. 

Tears. 

Infant 

Mortality  per 

1,00()  Rirtbs. 

COUVTSIM. 

Years. 

Iiifknt 

Mortality  per 

1,000  Births. 

Iroland, 
Sweden,     . 
Ekotland,    , 
England,    , 
Belgium, 
France, 
Holland. 

■               •              a 

•              •              • 

1884-88 
1881-90 
1885-90 
1886-91 
1881-91 
1885-90 
1886-90 

94 
97 
120 
144 
169 
105 
179 

Italy 

Pruiala,     •       •       • 
Hungary,  . 
Auatrla,     . 
Saxony,     . 
Bavaria,     • 
Ma99achii9€U», . 

1881-91 
1888  92 
1884-87 
1888-87 
1888-92 
1879-88 
1876-M 

192 
207 
212 
246 
281 
287 
161 
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Dr.  Schlossmann  states  the  importance  of  this  portion  of  the  sub- 
ject verj'  tersely  as  follows  :  **  The  death  of  every  child  constitutes 
a  definite  loss  of  national  wealth"  (*•  Zeitschrift  f.  Hygiene,"  Vol. 
24,  page  19). 

For  the  remaining  age  periods  (five  to  ten  years  and  upward)  the 
following  table  may  be  consulted  (page  756).  In  this  table  the 
column  published  in  the  registration  report  of  1890,  page  294, 
**  under  one,"  is  omitted  in  consequence  of  the  serious  defects  in 
the  census  for  children  of  that  age.  (See  report  of  State  Board 
of  Health  of  1894,  page  liv.)  For  the  succeeding  years  up  to  age 
forty  there  has  been  a  decrease  in  the  death-rate  at  each  period 
of  life,  as  follows,  comparing  the  figures  of  1865  with  those  of 
1895:  — 


Table  42.  —  Death-rales  per  1,000  Living  al  Certain  Age  Periods,  1S65  and  1895, 


YKAK8. 

5-9. 

10-14. 

ia-i». 

80-M. 

ao-a». 

loDOf           •**■*■ 
lOt/Of           •            t            •            t            •            . 

9.63 
6.23 

5.14 
3.18 

9.63 
5.34 

12.58 

7.08 

11.68 
9.67 

On  the  other  hand,  the  later  ages  of  life  present  in  each  instance 
an  increase  in  the  death-rate,  as  follows :  — 


Ta  ble  43.  —  Death-rates  per  1,000  Living  at  Certain  Age  Periods,  1865  and  1895. 


Ykaks. 

40-4». 

5o-a». 

M-eo. 

7«-7t. 

80  and  Orer. 

1  Moo,     ...... 

11.86 
12.65 

17.49 
20.45 

32.90 
89.37 

70.48 
82.41 

168.23 
184.65 

These  figures  show  that  while  no  very  decided  changes  have  taken 
place  in  the  general  death-rate  during  forty  years  (that  of  the  first 
twenty  years  being  19.49  and  that  of  the  last  twenty  19.51)  very 
marked  changes  have  taken  place  in  the  death-rates  at  difierent  ages. 

The  causes  and  conditions  under  which  these  changes  have  taken 
place  will  be  more  fully  considered  under  the  head  of  ''The  Balance 
of  Mortality,"  following  the  discussion  of  the  ^*  Causes  of  Death." 
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Note.  — The  table  on  page  756  caDDot  be  coDsidered  as  an  accurate  table, 
from  which  precise  conclasions  can  be  drawn.  Its  chief  merit  lies  in  the 
fact  that  the  figures  selected  for  presentation  are  those  of  census  years  and 
beuce  more  accurate  than  those  which  are  estimated  in  the  intervening 
years.  The  serious  defect  of  the  table  consists  in  the  fact  that  single  years 
may  at  any  time  present  unusual  departures  from  the  mean  of  a  series. 
Thus  in  this  table,  1865  was  a  year  of  unusually  high  death-rate,  being 
much  above  the  mean  of  the  forty  years  1856-95,  and  the  death-rate  of 
1895  was  also  considerably  below  the  mean.  A  much  better  method  is 
that  of  comparing  continuous  series  of  years,  as  in  tables  8,  19  and  31. 


Causes  of  Death. 

It  has  been  the  custom  in  earlier  summaries  of  the  mortality  of 
different  countries  to  attach  considerable  importance  to  the  broad 
and  general  groupings  or  classes  of  disease  and  causes  of  death ;  hut 
in  later  years,  and  especially  in  many  of  the  best  foreign  reports 
upon  vital  statistics,  greater  stress  has  been  laid  upon  the  presenta- 
tion of  diseases  separately,  without  regard  to  their  relation  to  each 
other.  In  the  recent  reports  of  the  registration  officer  of  Michigan 
a  provisional  classification  has  been  adopted  for  temporary  use,  sub- 
ject to  such  modification  as  medical  progress  may  demand. 

These  changes  have  become  necessary  in  consequence  of  the  rapid 
advances  in  medicine,  and  in  the  knowledge  of  the  causes  and  nat- 
ural history  of  disease.  As  evidence  of  this  may  be  cited  the  intro- 
duction of  the  term  '^ diphtheria"  in  1858  (a  disease  well  known 
and  observed  before  under  other  complex  names),  the  separation  of 
typhus  from  typhoid  fever,  the  disuse  of  such  meaningless  names  as 
nephria,  metria,  noma,  etc.,  the  gradual  disuse  of  the  term  ^*  zy- 
motic," and  the  transfer  of  tuberculosis  to  a  place  among  infectious 
diseases. 

These  considerations  have  more  weight  in  the  present  summary 
(which  embraces  the  statistics  of  forty  years)  than  in  the  ordinary 
digest  of  the  statistics  of  a  single  year. 

In  proof  of  the  decided  changes  which  have  taken  place  in  the 
mortality  from  different  causes  during  the  forty  years  under  con- 
sideration the  following  table  is  presented,  in  which  is  shown  the 
comparative  order  of  fatality  of  the  ten  most  destructive  causes  and 
groups  of  causes  of  death  for  the  first  and  last  ten  years  of  the  whole 
period.  These  two  series  of  years  are  selected  for  the  purpose  of 
presenting  the  conditions  prevailing  at  the  beginning  and  close  of 
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the  period.  For  the  anme  reasons  the  order  of  the  yenra  in  the 
upper  portion  of  the  table  is  the  reverse  of  that  in  the  loner,  in 
order  that  the  two  extreme  years  of  the  period  (185G  and  1895) 
may  be  shown  in  contrast. 

One  circumstance  which  ia  clearly  indicated  by  the  fignres  in  this 
table  is  the  decidedly  greater  prevalence  of  epidemics  in  the  former 
period  as  compared  with  the  latter.  This  is  indicated  by  the  marked 
irrpgulurity  in  the  order  of  the  figures  in  the  columns  representing 
the  first  ten  years. 

Table  i5.  —  Morialilyfrom  Ten  Promititnt  Causes,  1856-65  and  1886-95. 
1856-65. 


■MM. 

B4»-1U«.«9. 

Ctuu  or  D«tTB. 

i 

i 

ii 

i 

\ 

i 

i 

i 

1 

CoiiPumplinn, 
Scftrli-t-tfvcr, 
Brain  (lisi-aai'S, 
Old  iigu. 
Pneuniunf.i,  . 
TyphiiU!  fever, 

Hi-art  disi'ikRCH, 
Cholent  infnniutn 
liiphiheriaundiTC 

up.  . 

4,701 
1,252 
1.0S.i 

978 
378 
960 
9S0 
573 
655 
619 

8 
9 
10 

1 
3 
4 
8 
5 
6 
7 
9 

a 
10 

1 

6 
S 
4 
3 
6 
7 
9 
8 
10 

L 
5 
S 
.1 

4 
6 
8 
9 

7 

'« 

1 

4 
2 
6 
3 
7 
10 
9 
6 
8 

6 

S 
6 
3 
8 
10 
9 
4 
7 

1 

3 
S 
6 

7 

30 

-4 

1 

6 

4 
7 
3 
& 
9 
10 
8 
2 

1 
fi 

3 
6 

4 
7 
9 
10 
8 
S 

1 
10 
! 
S 
5 
3 

4 

9 

13^39 

_1 

- 

- 

- 

_:j 

- 

iMa. 

».-..»». 

CiDtu  or  Dun. 

i 

i 

i 

i 

1 

i 

i 

1 

i 

1 

Cod 811  tu pi  inn. 
Bruin  dispufles,     . 

lIcHrl  iliseases.     . 
Choli-minrantiim, 
Kidney  diseuacs,  . 
UiphtJicria  and  croup,  . 
Cancer, 
Old  npre.       . 

Bl'ODCllilis,      . 

6,486 
6,193 
4,052 
3,769 
2,377 
1,92G 
1,784 
1,749 
1,715 
1.668 

1 

3 
4 
5 
6 
7 
8 
9 
10 

1 
2 
3 
4 

f 

1 

3 

3 

4 
5 
8 
10 
9 
6 
7 

1 

2 
3 

4 
& 
8 

10 
6 

7 

1 
3 
3 

4 
6 
8 
10 
9 
6 
7 

2 
3 

4 
6 
9 
5 
S 
7 

to 

2 
9 
4 
6 
9 
6 
8 
7 
10 

I 
3 
3 
4 
5 
9 
7 
10 

10 
8 

1 
2 
3 

10 

30,209 

"1  " 

- 


~ 

- 

- 

_1 

L 

- 

- 
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An  examination  of  Table  45  and  of  those  on  pages  762  and  764 
shows  that  consumption  has  from  the  outset  maintained  the  first 
phice  as  the  most  destructive  cause  of  death.  The  uniform  dimi- 
nution, however,  in  the  mortality  from  this  cause  gives  good  reason 
for  believing  that  in  a  very  few  years  it  will  have  disappeared  from 
the  head  of  the  column.  In  1856  the  deaths  from  consumption  were 
nearly  (our  times  as  many  as  those  of  the  next  cause  upon  the  list, 
while  in  1895  the  deaths  from  consumption  exceeded  those  of  the 
next  destructive  group  of  causes  by  a  little  more  than  5  per  cent, 
only. 

A  glance  at  the  order  of  the  figures  in  the  two  columns  headed 
1856  and  1865  shows  that  much  more  decided  changes  in  the  order 
of  fatality  bad  taken  place  in  the  early  period  than  had  occurred  in 
the  later  period,  comparing  the  columns  for  1886  and  1895. 

During  the  intervening  period  (1866-85)  changes  were  still  in 
progress,  consumption  maintaining  the  first  place,  and  in  one  year 
( 1872)  only  did  small-pox  attain  sufficient  importance  to  find  a  place 
in  the  table  as  the  ninth  cause  in  the  order  of  destructiveness. 

Croup  was,  during  the  first  two  years,  the  tenth  cause,  and 
diphtheria  appears  for  the  first  time  in  1858,  and  from  that  date 
croup  and  diphtheria  are  considered  together.  This  group  rapidly 
rose  in  its  order  of  destructiveness  from  the  tenth  in  1856  to  the 
second  place  in  1863  and  1864.  A  similar  sudden  accession  of 
virulence  occurred  between  1872  and  1876,  when  diphtheria  alone 
appears  to  have  risen  from  the  nineteenth  place  to  the  second  in  the 
course  of  five  years.     (See  registration  report  of  1876,  page  54.) 

Another  important  change  is  that  in  the  mortality  from  pneumonia, 
which  has  risen  during  the  whole  period  from  the  fifth  place  in  1856 
and  1857  to  the  third  place  in  each  year  (»f  the  entire  period  1886- 
95,  except  1893,  when  it  was  second  in  rank.  This  change,  too,  has 
been  comparatively  uniform,  though  not  so  steadily  maintained  as 
the  downward  tendency  in  consumption. 

Scarlet-fever,  dysentery  and  typhoid  fever  have  disappeared  from 
the  list,  and  their  places  are  supplied  by  cancer,  kidney  diseases  and 
bronchitis. 

Further  information  in  regard  to  these  changes  may  be  found 
under  the  title  ••  The  Balance  of  Mortality." 
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Deaths  from  Unknown  or  Unspecified  Causes. 

Under  the  term  ^<  causes  not  specified"  it  has  been  the  custom  to 
include  all  deaths  ceitified  as  from  hemorrhage^  tumor ^  inflammation 
and  cause  unknown.  Owing  to  changes  in  the  methods  of  tabula- 
tion the  number  of  deaths  referred  to  this  title,  ^*  cau9es  not  speci- 
fied,**  was  increased  from  478  and  a  percentage  of  2.1  of  the  total 
mortality  in  1867,  to  1,464  and  a  percentage  of  5.7  in  1868.  From 
the  latter  date  down  to  1895  there  has  been  a  comparatively  uniform 
improvement,  the  percentages  of  this  class  being  as  follows  for  the 
successive  years  1891-95  :  .90,  .96,  1.1,  1.0  and  .94. 

While  these  figures  represent  an  improvement,  they  do  not  show 
the  serious  defects  which  exist  in  the  certification  and  tabulation  of 
other  deaths.  These  questions  have  been  discussed  by  the  Massa- 
chusetts Association  of  Boards  of  Health,  and  a  partial  method  of 
relief  was  suggested,  consisting  in  the  modification  of  the  present 
form  of  death  certificate  in  such  a  manner  as  to  convey  to  the 
certifying  physician  such  information  as  would  lead  him  to  take 
greater  pains  in  registering  the  cause  of  death  with  accuracy  and 
sufiScient  fulness  of  detail. 

As  an  example,  the  following  terms  convey  but  little  accurate  in- 
formation, and  in  many  cases  wrong  conclusions  must  be  drawn  from 
the  mass  of  recorded  facts.  In  1895  there  were  163  deaths  recorded 
as  from  septicemia  (no  clue  to  its  character  being  given),  88  from 
dropsy,  153  from  mortification,  1,451  from  cephalitis,  903  from  can- 
cer (the  location  being  omitted),  703  from  peritonitis,  1,163  infan- 
tile and  premature,  and  1,199  from  atrophy  and  debility.  These 
deaths,  together  with  the  445  classed  as  from  cause  not  specified^ 
constitute  more  than  13  per  cent,  of  all  the  deaths  of  that  year,  and 
while  it  is  undoubtedly  true  that  the  causes  of  many  deaths  must 
necessarily  be  recorded  in  an  indefinite  manner,  it  is  plain  that  great 
improvement  is  possible  by  more  accurate  certification,  as  well  as  by 
the  system  pursued  by  the  British  Registrar-General,  and  by  the 
registration  authorities  of  many  states,  of  subjecting  all  doubtful  re- 
turns to  careful  revision. 

In  the  table  on  page  767  the  deaths  and  death-rates  presented 
in  Table  46  are  given  in  five-year  periods,  the  percentages  of  total 
mortality  being  omitted. 
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Summary  or  Certain  Special  Causes  of  Death  presented  ik 

THE  Foregoing  Tables. 

For  the  sake  of  uniformity  the  same  order  will  be  observed  in  this  dis- 
cussion as  that  which  was  adopted  in  the  reports  of  the  Board  for  the  last 
two  years,  with  the  addition  of  dysentery  and  child-birth.  The  terms  ^^  first 
and  second  period  *'  or  ^^  first  and  last  period  '*  refer  in  each  instance  to  the 
two  twenty-year  periods  1856-75  and  1876-95,  unless  otherwise  specified. 
The  term  ^^  death-rate "  in  this  discussion  of  causes  of  death  means  the 
ratio  of  deaths  per  10,000  of  the  living  population,  unless  otherwise  speci- 
fied. When  the  term  ^^  general  death-rate  *'  is  employed  it  means  the  death- 
rate  from  all  causes,  and  is  reckoned  as  a  ratio  per  1,000  of  the  living 
population.  (For  a  full  discussion  of  the  mortality  from  measles,  scarlet- 
fever,  diphtheria  and  croup,  small-pox,  typhoid  fever,  cholera  infantum, 
phthisis  and  pneumonia,  with  reference  to  their  geographical  distribution, 
with  maps,  see  twenty-third  annual  report  of  the  Board,  1891,  pages  759- 
874.) 

Small'pox. 

Total  deaths,  1856-95, 4.225. 

During  the  seventeenth  and  eighteenth  centuries  epidemics  of 
small-pox  were  of  very  frequent  occurrence  in  Massachusetts,  as 
historical  records  present  abundant  proof.  Some  of  the  most  noted 
of  these  were  those  of  1631,  1633,  1639,  1677,  1678.  1702,  1721 
(in  this  year  nearly  8  per  cent,  of  the  whole  population  of  Boston 
died  of  small-pox),  1730,  1752,  1764,  1776,  1778  and  1792. 

From  the  date  of  the  introduction  of  vaccination  down  to  1840 
the  mortality  from  small-pox  was  extremely  small.  Records  are  in- 
complete for  these  years,  but  from  all  that  can  be  learned  it  is 
probable  that  the  total  mortality  from  this  cause  did  not  exceed  200 
deaths  in  the  State  during  these  forty  years.  Unfortunately,  the 
vaccination  law  was  modified  in  1836  and  made  less  stringent,  and 
the  deaths  from  small-pox  soon  increased,  the  number  in  Boston  alone 
in  the  three  years  1839-41  amounting  to  232.  After  that  date  the 
enactment  of  the  registration  laws  furnished  accurate  returns  for  the 
whole  State,  and  from  these  it  appears  that  the  deaths  from  this  cause 
from  1842  to  1855  inclusive  were  1,304. 

No  deaths  were  registered  from  this  cause  ih  1895  and  there  were 
none  in  1886. 

Of  all  the  causes  of  death  mentioned  in  the  foregoing  tables  small- 
pox was  the  most  irregular  in  its  influence  on  the  death-rate,  the 
figures  varying  from  0  in  1886  and  1895  to  6.7  per  10,000  of  the 
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population  in  1872.  The  mean  annaal  small-pox  death-rate  of  the 
first  twenty  years  was  1.5  per  10,000  living,  and  that  of  the  last 
twenty  years  was  only  .07  per  10,000. 

The  slight  discrepancy  between  the  total  numbers  of  deaths  from 
small-pox  in  tables  46,  48  and  50  is  due  to  the  inclusion,  in  the  former 
table,  of  15  deaths  registered  as  due  to  chicken-pox  which  are  not 
included  in  the  latter  table.  It  is  quite  probable  that  deaths  regis- 
tered as  from  chicken-pox  are  those  of  persons  who  have  died  of 
small-pox,  especially  when  occurring  in  years  of  small-pox  epidemics. 

More  than  40  per  cent,  of  the  deaths  from  small-pox  which  oc- 
curred in  the  forty  years  1856-95  were  those  of  the  epidemic  of 
1872  and  1873. 

Sex.  —  The  death-rate  of  males  was  considerably  greater  than  that 
of  females,  being  in  the  ratio  of  164  males  to  100  females  in  equal 
numbers  living  in  the  first  period,  and  as  133  males  to  100  females 
in  the  second  period. 

Seasonal  Mortality.  —  The  deaths  from  small-pox  in  the  first 
period  of  twenty  years  were  most  numerous  in  January  and  Decem- 
ber, and  least  numerous  in  August  and  September.  In  the  second 
period  they  were  the  greatest  in  number  in  April  and  May,  and 
least  in  July  and  August. 

Ages.  —  In  Table  49  it  appears  that  the  greatest  small-pox  death- 
rate  occurs  at  the  age  period  0  to  5  years  and  the  least  at  the  period 
10  to  15.  A  considerable  increase  occurs  at  the  ages  15  to  40,  un- 
doubtedly due  to  the  neglect  of  revaccination  at  an  age  when  the 
protective  power  of  primary  vaccination  has  considerably  diminished. 
(A  further  discussion  upon  the  mortality  from  small-pox  in  Massa- 
chusetts, with  special  reference  to  the  influence  of  vaccination,  may 
be  found  in  the  twenty-sixth  annual  report  of  the  Board,  1894,  pages 

•  .  •  •   •   •         V 

VUl-XXlll.) 

Measles. 

Deaths,  1856-95, 7,962. 

The  deaths  from  measles  in  1895  were  117,  and  the  death-rate 
was  .5  per  10,000  of  the  living  population,  which  was  less  than  the 
mean  of  the  twenty-year  period  1876-95.  Comparing  the  two 
twenty-year  periods,  1856-75  and  1876-95,  a  decided  lessening  in 
the  mortality  from  this  cause  is  evident,  that  of  the  former  period 
being  1.6  per  10,000  living  and  that  of  the  latter  .9,  or  but  little 
more  than  one-half  as  great.  The  total  number  of  deaths  from  this 
cause  in  the  former  period  was  4,299  and  in  the  latter  3,653. 
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At  no  time  in  the  first  twenty  years  did  the  deaths  from  this  cause 
fall  below  100  in  a  single  year,  while  in  the  latter  period  there  were 
six  years  in  which  the  deaths  from  measles  were  as  follows  :  47,  19, 
68,  75,  88  and  98. 

The  deaths  of  females  were  as  100  to  116  males  in  equal  numbers 
living  in  the  first  twenty-year  period,  and  as  100  females  to  102 
males  in  the  second  period. 

Seasonal  Prevalence.  —  It  appears  that  in  the  first  period  the 
greatest  mortality  from  this  cause  occurred  in  June,  and  in  the 
second  period  in  May,  and  the  least  in  October  in  each  period. 
The  second  period  showed  greater  departures  from  the  mean  than 
the  first  period. 

Age. — The  death-rates  from  measles  at  difierent  ages  of  life  are 
presented  in  tables  49  and  51.  They  show  marked  improvements  at 
all  ages  of  life.  The  death-rate  of  children  under  five  was  11.7  per 
10,000  in  the  first  period  and  8.08  in  the  second. 

A  statement  of  the  death-rate*  of  children  at  each  of  the  first  five 
years  may  be  found  in  the  report  of  1894,  page  xc,  wherein  it  ap- 
pears that  the  greatest  death-rate  from  this  cause  occurs  at  age  one  to 
two  years.  A  statement  of  the  geographical  distribution  of  measles, 
with  the  mortality  of  each  city  and  town  from  this  cause,  may  be 
found  in  the  twenty-third  report  of  the  Board  (1891),  page  780. 
The  highest  mortality  from  this  cause  was  shown  to  exist  in  Suflblk 
County  and  the  lowest  in  Nantucket. 

Scarlet'/ever. 

Total  deaths,  1856>95, 84,4S5. 

The  deaths  from  scarlet-fever  in  1895  were  483.  This  number  was 
less  than  that  of  either  of  the  three  preceding  years,  but  greater  than 
that  of  1889,  1890  or  1891.  The  deaths  from  this  cause  in  the  first 
period  were  23,797  and  those  of  the  second  period  were  10,688. 
The  mean  annual  death-rates  were,  respectively,  8.8  and  2.6  per 
10,000  living.  In  only  three  years  of  the  first  period  did  the  death- 
rate  per  10,000  from  this  cause  fall  below  6,  while  in  the  second 
period  it  exceeded  that  rate  in  only  one  year,  and  that  was  1876, 
the  first  year  of  the  period. 

Had  the  same  death-rate  from  scarlet-fever  prevailed  in  the  sec- 
ond period,  1876-95,  as  prevailed  in  the  first  period  the  mortality 
from  scarlet-fever  would  have  amounted  to  25,000  more  than  act- 

•  The  term  *'  death-rate  "  as  here  used  should  not  be  oonfoanded  with  *•  fktalUj,**  t.  e.,  the 
ratio  of  deaths  to  cases. 
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ually  occurred  in  those  years,  and  this  number  may  be  taken  as  the 
actual  saving  of  life  from  this  cause. 

Sex.  —  The  deaths  of  males  to  females  were  as  108  to  100  in 
equal  numbers  living  in  the  first  period,  and  as  103  to  100  in  the 
second  period. 

Seasonal  Mortality, — The  greatest  mortality  from  scarlet- fever 
in  each  period  was  in  January  and  the  least  in  September. 

Age. — The  death-rate  at  different  ages  shows  a  rapid  decrease 
from  the  infantile  period  (0-5)  to  the  age  of  60  years ;  the  highest 
death-rate  at  age  0-5  was  54.9  per  10,000  living  of  those  ages  in  the 
first  period,  that  of  the  same  age  in  the  second  period  being  18.41, 
or  about  one-third  as  great. 

The  death-rate*  of  children  at  each  of  the  first  years  of  life  from 
this  cause  (corrected)  may  be  found  in  the  report  of  lb94,  page  xc, 
wherein  it  appears  that  the  greatest  death-rate  from  scarlet-fever 
occurs  in  the  third  and  fourth  years  of  life. 

The  marked  improvement  in  the  death-rate  from  this  disease  since 
1856  is  shown  by  the  following  death-rates  of  five-year  periods  :  — 

Table  52.  —  Death-rates  from  Scarlet-fever^  1856-95. 


PnioD. 

Deatb-nte. 

Psuoo. 

Death-rate. 

I806-6O,        .... 
1861-65,       .... 
1866-70,       .... 
1871-75,       .        .        ,        . 

10.5 

9.7 
6.8 
8.6 

1876-80,       .... 
1881-85,       .... 
1886-90,      .... 
1891-95,      .... 

4.1 

2.7 
1.7 
2.4 

18«-66 ^^tT^ 


DBATHRATE  PBR  10,000  FBOM  SCARLXT.rXTXB.     DXCLINB  IX  DirrBBBVT  POPULATIOMB. 


•  See  note  00  page  774. 
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That  the  diminution  in  the  death-rate  of  tcarlet-fever  indicated  by  the 
forcgoiDg  figures  is  not  peculiar  to  Massachusetts  may  be  shown  by  an  ex- 
amination of  the  vital  statistics  of  other  countries.  The  following  tahle 
presents  the  same  data  for  certain  European  countries,  together  with  those 
of  Massachusetts  for  similar  periods :  — 


Table  53.  —  Decrecise  in  Scarlet-fever  in  Different  Countries, 
DecUh-ratea  per  10,000  Living  at  Certain  Periods, 


lS««-70. 

1 97 1-79. 

187«-8«. 

1M1-S5. 

lS»«-90. 

ia»i-M. 

Eofland 

9.6 

7.6 

6.8 

4.4 

2.4 

9.0 

Ireland, 

6.5 

ft.5 

S.2 

2.7 

1.4 

1.0 

BeotlftDd 

10.9 

10.6 

8.S 

S.8 

9.2 

2.0 

Mn9»achutetliit       .... 

6.8 

8.6 

4.1 

1.7 

1.7 

2.8 

ConiTTBIBfl. 


IfMl-TO. 


1971-S«. 


1881-90. 


1891.M. 


Sweden, . 
Norway, 

Denmark, 

Germany, 


6.90 
8.06* 


1965-74. 

6.2 


1977-94. 

4.8 


7.8 
8.16 

1979-94. 

8.8 

1999-99. 

2.7 


6.04 
S.66 

199S94. 

1.4 

199094. 

1.8 


8.12 
l.ttt 


•  1862-70. 


t  1891-96. 


CUies. 


CiTiKa. 

1979-99. 

1999-94. 

Budapeat,     .... 

46 

38 

Vienna,        .... 

26 

18 

Prague,        .... 

64 

86 

Trieite 

22 

24 

Hague, 

16 

10 

Rotterdam 

80 

14 

Amiterdara, 

80 

Venlea,       .... 

4 

Turin 

10 

Rome 

14 

Brusaela,      .... 

8 

Parle 

10 

The  foregoing  data  are  to  be  found  in  a  paper  entitled  '^  A  Contribntion 
to  the  Natural  History  of  Scarlet-fever,"  by  John  T.  Wilaon,  M.D., 
D.Ph.,  Medical  Officer  of  Health,  Lanarkshire,  Scotland. 
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An  examination  of  the  reports  of  health  officers  of  the  Aostralian  colo- 
nies and  New  Zealand  shows  that  similar  changes  in  the  death-rate  from 
scarlet- fever  are  also  taking  place  there. 

Diphtheria  and  Croup. 

Total  deaths,  1856-96,  58,490. 

In  Table  46  the  deaths  registered  under  these  terms  are  considered 
together. 

In  1895  the  deaths  registered  from  these  causes  were  1,784,  of 
which  number  1,432  were  certified  as  deaths  from  diphtheria  and  352 
as  deaths  from  croup.  The  death-rate  per  10,000  from  these  com- 
bined causes  was  7.1,  that  of  1894  having  been  7.4. 

The  total  deaths  recorded  from  these  causes  in  the  first  twenty- 
year  period  were  19,361,  and  the  death-rate  7.2  per  10,000,  and 
those  in  the  last  period  were  39,129,  and  the  death-rate  9.6  per 
10,000. 

Dividing  the  last  period  into  five-year  groups  there  appears  to  have 
been  a  marked  diminution,  as  shown  by  the  following  death-rates  for 
the  respective  periods :  — 

1876-80, 16.8 

1881-85, 9.6 

1886-90, 8.4 

1891-96 6.4 

The  term  '*  diphtheria"  does  not  appear  in  the  records  of  deaths 
until  1858,  in  which  year  18  deaths  were  registered  from  this  cause. 
There  were  32  in  1859,  258  in  1860,  increasing  rapidly  to  1,420  in 
1863,  and  then  decreasing  until  there  were  less  than  300  in  each  of 
the  six  years  1867-72.  It  then  increased  rapidly  until  1876  and 
1877,  when  it  became  seriously  epidemic  in  many  parts  of  the  State, 
the  deaths  from  this  cause  in  the  two  years  amounting  to  5,244. 

While  the  disease  did  not  appear  under  the  name  of  diphtheria  in 
the  two  previous  centuries  in  Massachusetts  it  is  believed  that  it 
often  prevailed  to  a  serious  extent,  so  far  as  the  limited  descriptions 
of  early  medical  practitioners  may  be  trusted. 

Sex.  —  The  death-rate  of  males  from  these  combined  causes  was 
7.46  per  10,000  and  that  of  females  6.90  in  the  first  period,  or  in 
the  ratio  of  108  males  to  100  females  in  equal  numbers  living.  In 
the  second  period  the  death-rates  were  9.94  for  males  and  9.36  for 
females,  or  106  males  to  100  females  in  equal  numbers  living. 
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If  the  deaths  from  the  two  causes  are  separated,  it  appears  that 
the  death-rate  of  males  from  diphtheria  in  the  first  period  was 
slightly  less  than  that  of  females,  while  the  death-rate  of  males  from 
croup  considerably  exceeded  that  of  females.  In  the  second  period 
the  death-rate  of  males  was  higher  both  from  diphtheria  and  croup. 

Seasonal  JPrevalence. — The  monthly  mortality  from  these  two 
diseases  exhibits  a  striking  similarity,  both  when  the  two  diseases 
are  compared  and  for  the  two  twenty-year  periods.  The  greatest 
prevalence  in  each  period  and  in  each  disease  occurred  in  the  months 
of  November  and  December,  and  the  least  usually  in  July  and 
August,  but  the  table  for  diphtheria  in  the  period  1856—75  shows  a 
slightly  lower  figure  in  May  and  June. 

During  the  last  two  years  the  demands  for  antitoxin  and  for  the 
examination  of  throat  cultures  received  at  the  office  of  the  State 
Board  of  Health  from  local  boards  furnish  quite  a  reliable  index  of  the 
seasonal  prevalence  of  this  disease,  or  group  of  diseases,  as  well  as  the 
returns  furnished  under  the  act  relating  to  the  notification  of  diseases. 

Age.  —  The  death-rate  *  at  the  age  period  0-5  is  much  the  highest, 
rapidly  diminishiDg  to  the  later  ages  of  life.  Considering  the  two 
causes  separately  the  difierence  in  mortality  between  the  early  ages 
is  much  greater  in  the  case  of  croup  than  it  is  in  diphtheria.  The 
following  figures  from  the  twenty-sixth  annual  report  show  that  the 
highest  death-rate  from  diphtheria  occurred  in  the  third  year  of  life 
and  that  of  croup  occurred  in  the  second  year,  though  the  difference 
in  the  latter  case  between  the  mortality  of  the  second  and  third  years 
was  slight. 

The  figures  for  each  year  were  as  follows :  — 

Table  64.  —  DeoM-rote  per  20,000  at  Early  Ages  {1887-93). 


Diphtheria. 


Croap. 


0-1  years, . 
1-2  years, . 
2-3  years, . 


12.4 
32.3 
38.7 


13.2 
19.6 
19.2 


Diptatherte. 


Croap. 


3-4  years, 
4-6  years, 


37.8 
38.9 


13.5 
9.2 


For  a  full  discussion  of  the  mortality  from  diphtheria  during  the 
period  1871-80  see  summary  by  Dr.  C.  F.  Folsom  in  thirty-ninth 
Massachusetts  registration  report,  1880,  pages  80-110. 


*  See  note  on  page  774. 
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Typhoid  Fever. 

Total  deaths,  1856-95,  40,029. 

The  deaths  from  typhoid  fever  in  1895  were  680,  and  this  number 
was.  with  the  exception  of  the  deaths  in  1878  and  1879,  the  least 
number  registered  from  this  cause  in  the  forty  years  1856-95.  The 
death-rate  in  1895  from  this  cause  was  2.7  per  10,000,  this  being 
the  lowest  death-rate  on  record  for  the  whole  State  during  the  forty- 
year  period,  the  highest  having  been  13.4  in  1865.  From  1872 
down  to  1895  the  decrease  in  the  death-rate  from  typhoid  fever  has 
been  comparatively  uniform,  the  chief  exceptions  being  the  years 
1880  and  1881,  when  the  death-rate  from  this  cause  rose  from  3.6 
per  10,000  to  4.9  and  5.9. 

The  total  deaths  from  this  cause  in  the  first  twenty-year  period 
were  23,265  and  the  death-rate  was  8.6  per  10,000;  while  those 
of  the  second  twenty  years  were  16,764  and  the  death-rate  was  4.1 
per  10,000. 

It  is  interesting  to  note  the  decline  in  the  typhoid  fever  death-rate 
in  its  general  coincidence  with  the  introduction  of  public  water  sup- 
plies throughout  the  State,  a  fact  which  is  shown  in  the  accompany- 
ing table  and  diagram. 


Table  66. —  Table  showing  the  Proportion  of  the  Population  of  the  State  of  Massa- 
chusetts living  in  Cities  and  Towns  having  Public  Water  Supplies, 


YSAX. 

Number  of 

Towns* 

baying  a 

Public  water 

Supply. 

Population  of 

Towns 

having  a 

Public  water 

Supply. 

Number  of 

Towns 

not  having  a 

PnbUc  Water 

Supply. 

Population  of 

Towns 
not  baring  a 
Public  Water 

Snpply. 

Percent 

of  Population 

senred  with 

PnbUc  Water 

Snppllea. 

Per  Cent,  of 
Popolatlon 

not 
Supplied. 

1860,      . 

8* 

100,122 

814* 

708,802 

10.78 

80.27 

1861,     . 

8 

206,080 

816 

817,046 

20.06 

70.04 

1862,      . 

8 

218,066 

818 

886,700 

20.88 

70.62 

1868,     . 

8 

222,878 

821 

864,864 

90.60 

70.31 

1864,      . 

8 

231,700 

821 

878,008 

20.08 

70.02 

1866,     . 

10 

240,708 

822 

801,661 

21.26 

78.76 

186«,      .        . 

11 

267,617 

821 

884,601 

28.22 

76.78 

1867,      .        . 

11 

278,867 

821 

807,000 

28.87 

76.63 

1868,      . 

11 

280,200 

821 

011,886 

28.61 

76.40 

1860,      . 

12 

280,188 

820 

022,188 

28.87 

76.18 

1860,      . 

12 

206,600 

820 

036,666 

24.00 

76.00 

1861,      .        . 

18 

907,411 

810 

080,848 

24.82 

76.18 

*  The  number  of  mnoleipaUttoa  had  increaaad  between  1860  and  1806,  by  aabdiTislon,  from  822  to  868. 
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Tablb  65 — Concluded. 


Tbab. 

Namberof 

Towns 

harlnf  a 

Public  Water 

Sopplj. 

Popolatkni  of 
Towns 

baTlnira 
Public  Water 

Snpplj. 

Namberof 

Towns 

noChaTtnf  a 

Public  Water 

Supplj. 

Population  of 

Towns 
nothaTtof  a 
Public  Water 

Supply, 

Per  Gent. 

of  Population 

served  wtch 

Public  Water 

SoppUea. 

Per  Cent,  ef 
Popalatioo 

not 
Supplied. 

isas,    .      . 

14 

814.467 

818 

030.086 

S6.S6 

74.75 

1868,     .       . 

14 

819,422 

818 

088,228 

26.60 

74.50 

1884,     . 

14 

824.279 

820 

086,650 

26.74 

74.26 

1886,     .       . 

14 

829,885 

820 

087.606 

26.90 

74.01 

1888,     . 

14 

848.442 

821 

056.663 

26.70 

78.80 

1887,     . 

18 

401.014 

817 

042,146 

20.86 

70.14 

1888,     .       . 

19 

428,608 

816 

062.716 

81.02 

68.06 

1880,     . 

20 

471,065 

815 

048.222 

33.10 

68.81 

1870,     .       . 

28 

518,871 

810 

088.080 

86.67 

64.43 

1871,     . 

28 

685.808 

810 

010,466 

80.15 

60.85 

1872,     . 

82 

6n.528 

306 

857.647 

44.18 

66.87 

1878,     . 

41 

768,515 

297 

810.671 

48.61 

61.49 

1874,     .       . 

48 

884,146 

204 

728358 

64.82 

46.18 

1875,     .       . 

52 

979,579 

288 

672,888 

60.80 

40.70 

1878,     . 

67 

1,044,984 

284 

688,168 

68.27 

87.78 

18n,     .       . 

58 

1,067,275 

286 

687,106 

«8.«8 

37.88 

1878,     . 

m 

1,094,266 

280 

636,840 

68.34 

86.76 

1879,     . 

84 

1.128,819 

280 

688.681 

68.04 

86.06 

1880,     .       . 

88 

1,172,071 

276 

810,114 

66.79 

84.21 

1881,     . 

78 

1,289,651 

272 

575,246 

68.81 

81.60 

1882,     . 

77 

1.284,071 

260 

662,686 

60.68 

80.47 

1888,     . 

82 

1,846,850 

264 

532.668 

71.64 

28.86 

1884,      . 

91 

1.411.862 

265 

408,077 

78.88 

26.12 

1885,      . 

106 

1,528,459 

240 

418.682 

78.70 

21.88 

1880.      . 

114 

1,614,831 

284 

886.670 

80.68 

10.S 

1887,     . 

121 

1,701.079 

227 

850,782 

82.M 

17.46 

1888,      . 

127 

1,775,694 

221 

844.527 

88.76 

16.21 

1889,      . 

182 

1,850,305 

210 

829.277 

84.80 

16.11 

1890,      . 

137 

1,924.812 

214 

814.181 

86.07 

14.08 

1891,      . 

142 

1,989.937 

200 

301,254 

86.80 

18.14 

1892,      . 

148 

2,042,879 

208 

800.560 

87.17 

12.83 

1893,      . 

148 

2,104,805 

206 

200.882 

87.86 

12.14 

1894,      . 

149 

2.167,914 

208 

280,021 

88.68 

U.44 

1895,      . 

154 

2.237.017 

108 

268,166 

80.48 

10.88 

1898,      . 

169* 

2.300,925 

194* 

251,508 

00.14 

0.86 

*  The  number  of  maDidpalitles  had  Inereaaed  between  1860  and  1806,  by  eabdiTlaioii,  from  SB  to  8S8. 
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Summary  by  Decades,  1856-95. 


Pbuoo. 

Death-rate 

(h>m  Typhoid 

Ferer 

per  100,000. 

Percentam  of 
Population 

not  Supplied 

with  PobUc 

Water. 

Pbuod. 

D«ath-rate 

from  Typhoid 

Ferer 

per  100,000. 

Peroentafeof 

Population 

not  Supplied 

wIthPnbUe 

Water. 

1856-65,      . 
1866-75,       . 

02.8 
80.8 

75.44 
58.94 

1870-85,      . 
1888-05,      . 

47.4 
86.4 

81.75 
18.93 

1876«8S 


18M-M 


OCATN  RATE  FROM  TYFHOID  FIVIB  Pf  B  100.000. — 

PCRCCNTA6C  OF  POPUUTION  NOT  SUPniCD  WITH  FUBUC  WATIB. 

The  death-rate  from  this  cause  has  generally  fallen  as  the  per  cent, 
of  the  population  supplied  with  public  water  has  risen,  for  the  reason 
that  the  majority  of  the  deaths  from  typhoid  fever  have  occurred 
among  communities  and  portions  of  communities  not  supplied  with 
public  water.  Hence,  in  the  foregoing  diagram,  this  percentage  of 
the  population  {not  supplied  with  public  water)  is  compared  with  the 
death-rate  from  typhoid  fever.  The  method  of  representation  (by 
ten-year  periods)  presents  a  much  more  uniform  showing  than  that 
by  single  years. 

In  1856  there  were  only  11  cities  and  towns  supplied  with  public 
water,  and  the  population  thus  supplied  in  that  year  was  only  23.2 
per  cent,  of  the  total  population.  (In  1850  it  was  only  19.7  per 
cent.)  In  1870  this  percentage  had  only  increased  to  35.6,  but 
during  the  succeeding  decade  the  percentage  thus  supplied  had 
nearly  doubled,  being  65.8  in  1880.  From  that  time  onward  the 
increase  has  been  quite  uniform  but  less  rapid,  and  amounted  in 
1896  to  90.1  per  cent,  of  the  total  population. 

It  will  be  seen  by  the  diagram  and  table  that  the  decrease  in  the 
typhoid  death-rate  from  the  mean  of  the  decade  1865-75  to  the 
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mean  of  the  decade  1876-85  was  also  considerably  more  rapid  than 
that  of  either  the  preceding  or  the  succeeding  periods. 

The  death-rates  by  five-year  periods  were  as  follows :  8.0,  10.5, 
8.0,  8.2,  4.5,  5.0,  4.1,  3.2. 

Seasonal  Prevalence.  — The  two  tables  indicating  seasonal  preva- 
lence (pages  769  and  771)  show  in  each  a  uniform  course  below 
the  yearly  mean  from  January  to  July,  then  increasing  rapidly  to 
October  in  the  first  period  and  to  September  in  the  second,  and 
then  diminishing  with  nearly  the  same  rapidity  to  January. 

Sex.  —  The  death-rate  of  males  was  in  each  period  considerably 
greater  than  that  of  females,  the  rates  in  the  first  period  being  9.4 
for  males  and  7.9  for  females,  or  in  the  ratio  of  119  males  to  each 
100  females  in  equal  numbers  living,  and  in  the  second  period  4.6 
for  males  and  3.7  for  females,  or  as  125  males  to  100  females. 

Ages. — The  highest  death-rate  in  the  first  period  appears  to 
have  occurred  at  ages  from  fifteen  to  thirty  years  and  among  all 
persons  over  sixty,  those  of  ages  above  seventy  considerably  ex- 
ceeding all  others.  In  the  second  period  the  death-rate  at  ages 
fifteen  to  thirty  is  greatest  but  is  nearly  equalled  by  that  of  ages 
over  seventy  years.  The  greatest  improvement,  comparing  the 
same  ages  in  the  two  twenty-year  periods,  appears  to  have  taken 
place  at  all  ages  over  fifty  years.  (Further  information  relative  to 
the  mortality  from  typhoid  fever  in  Massachusetts  may  be  found  in 
the  second  report  of  the  State  Board  of  Health,  1871,  in  a  paper  by 
Dr.  George  Derby.) 

Dysentery. 

Total  deaths,  185&-80,  20,112. 

In  1895  the  deaths  from  dysentery  numbered  209,  and  with  the 
exception  of  those  in  1892,  which  were  193,  were  the  least  in  num- 
ber during  the  whole  forty-year  period.  The  death-rate  from  this 
cause  was  only  .8  per  10,000  living. 

The  total  number  of  deaths  registered  from  this  cause  in  the  forty 
years  was  20,112,  of  which  13,786  occurred  in  the  first  half  and 
6,326  in  the  last  half  of  the  period,  and  the  death-rates  were  re- 
spectively 5.1  and  1.6. 

The  decline  in  the  death-rate  from  this  disease  is  continuous  and 
well  marked.  The  deaths  from  this  cause  in  the  ten  years  ending 
with  1866  were  8,351,  while  those  in  the  ten  years  ending  with  1895 
were  only  2,359,  the  population,  meanwhile,  having  doubled*     The 
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deaths  from  this  cause  in  the  latter  period  as  compared  with  those  in 
the  former  were  approximately  in  the  ratio  of  100  to  658,  in  equal 
numbers  living.  In  those  early  years  of  the  first  period,  as  many 
practitioners  will  remember,  dysentery  was  an  epidemic  disease  of 
the  summer  months,  prevailing  to  a  greater  or  less  degree  in  almost 
every  city  and  town  in  the  State,  great  and  small,  but  within  the 
past  twenty  years  it  appears  to  have  very  largely  lost  its  epidemic 
character,  its  incidence  upon  the  population  being  comparatively 
small.  Its  continuous  and  comparatively  uniform  decline  points  to 
its  possible  extinction  at  no  distant  period  as  a  factor  in  the  death-rate. 

Seasonal  Prevalence.  —  The  monthly  distribution  of  dysentery 
shows  that  its  mortality  by  months  was  nearly  identical  in  the  two 
twenty-year  periods,  remaining  at  a  low  figure  for  the  first  five 
months  and  then  rising  slightly  in  June,  and  then  very  rapidly  to 
a  climax  in  August,  and  descending  in  like  manner  to  November. 
(See  pages  769  and  771.) 

Sex. — The  death-rate  of  males  in  the  first  period  was  5.3  and 
that  of  females  4.9,  or  as  108  deaths  of  males  to  100  deaths  of  fe- 
males in  equal  numbers  living.  In  the  second  period  the  conditions 
were  reversed,  the  deaths  of  males  being  1.49  and  that  of  females 
1.63,  or  in  the  ratio  of  100  males  to  109  females  in  equal  numbers 
living.     (See  pages  769  and  771.) 

Ages.  —  The  death-rate  was  in  both  periods  highest  at  the  extreme 
ages  of  life,  that  of  old  age  (80+)  being  the  highest  in  both  pe- 
riods. The  greatest  relative  improvement  appears  to  have  taken 
place  at  the  age  periods  0  to  5  and  5  to  10. 

Cholera  Infantum. 

Total  deaths,  1856-85,  72,191. 

In  the  following  summary  are  included  only  those  deaths  which 
were  registered  as  from  cholera  infantum.  The  addition  of  all  deaths 
from  diarrhoBal  diseases  of  infants  under  one  year,  including  those 
from  enteritis,  would  increase  the  number  by  from  25  to  30  per  cent. 

The  deaths  from  cholera  infantum  in  1895  were  2,377,  and  the 
death-rate  9.5  per  10,000  of  the  living  population. 

The  total  number  of  deaths  from  this  cause  in  the  forty  years 
ending  with  1895  was  72,191,  of  which  28,893  occurred  in  the  first 
period  and  43,278  in  the  second.  The  death-rates  from  this  cause 
in  the  two  periods  were  nearly  equal,  being  in  the  ratio  of  10.71  per 
10,000  in  the  first  period  and  10.66  in  the  second. 
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The  death-rates  of  the  successive  five-year  periods  were  as  fol- 
lows:  6.4,  9.1,  10.1,  15.8.  10.5,  10.5,  10.3,  11.2. 

Seasonal  Prevalence.  —  The  seasonal  mortality  of  this  disease 
follows  very  nearly  in  the  same  track  with  dysentery,  bat  with 
greater  departures  from  the  mean  annual  mortality,  the  deaths  dnr^ 
ing  the  eight  months  from  November  to  June  inclusive  amoanting 
to  less  than  7  per  cent,  of  the  number  for  the  whole  year. 

Sex.  —  The  death-rates  of  the  sexes  were  as  follows  for  the  two 
periods.  In  the  first  the  death-rate  of  boys  was  11.8  and  that  of 
girls  9.7  per  10,000  living,  and  in  the  second  period  11.8  and  9.6 
respectively,  or  as  100  deaths  of  girls  to  122  of  boys  in  the  first 
and  as  100  deaths  of  girls  to  123  of  boys  in  the  second  period  in 
eqnal  numbers  living.     (See  pages  769  and  771.) 

Agea,  — The  deaths  being  almost  entirely  in  the  first  age  period 
of  life  (0-5  years) ,  a  greater  difierence  appears  here  than  in  the 
general  death-rate,  since  the  birth-rate,  which  largely  infinences  the 
numbers  living  at  the  first  age  (0-5),  was  considerably  greater  in 
the  first  period  than  in  the  second,  the  death-rate  of  children  under 
five  from  cholera  infanttim  being  98  per  10,000  in  the  first  and 
115.6  in  the  second  period. 

Diarrhceal  Diaeaeea. 
Totkl  [iiunbci  or  death!  In  thli  group,  lU6-9a,  tSl,387. 

Under  this  title  are  included  the  deaths  from  cholera  infantnni, 
dysentery,  diarrhoea,  cholera  morbus  and  enteritis. 

Two  of  the  principal  factors  in  this  group,  cholera  infantum  and 
dysentery,  have  already  been  considered. 

The  total  number  of  deaths  from  this  group  in  each  twenty-year 
period  with  the  death-rates  were  as  follows  :  — 


Table  66.— 

DuTUi.                               1                 Dun-UTU  m  lOvOCC. 
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There  was,  therefore  (comparing  the  two  periods) ,  a  slight  decrease 
in  the  death-rate  from  cholera  infantum,  a  very  great  decrease 
in  that  of  dysentery  (5.11  to  1.55),  a  slight  decrease  in  that  of 
diarrhcea  (2.57  to  2.46),  a  considerable  decrease  in  that  of  cholera 
morbus  (0.70  to  0.43),  and  a  marked  increase  in  that  of  enteritis 
(2.01  to  3.23).  There  was,  therefore,  a  gain,  comparing  the  two 
twenty-year  periods,  of  2.77  per  10,000  of  the  population  in  the 
total  of  these  diseases. 

Whocyping-cough. 

Total  deaths,  1866-90, 11,686. 

The  deaths  from  whooping-cough  in  1895  were  269,  and  the 
death-rate  per  10,000  was  1.1.  During  the  years  1892  and  1893  it 
was  also  1.1,  and  1.8  in  1894. 

The  deaths  from  this  cause  in  the  whole  forty-year  period  were 
11,586,  of  which  6,014  occurred  in  the  first  twenty  years  and  5,572 
in  the  last  twenty  years,  the  death-rates  of  the  two  periods  being 
2.2  for  the  first  and  1.4  for  the  second.  The  maximum  and  mini- 
mum years  of  prevalence  were  1861,  with  a  death-rate  of  3.3  in  the 
first  period,  and  1883,  with  0.7  in  the  second. 

Ages.  —  In  the  twenty-sixth  report,  page  xc,  it  was  shown  that 
while  measles,  scarlet-fever,  diphtheria  and  croup  are  most  de- 
structive to  life  in  the  second  and  third  years,  whooping-cough 
destroys  greater  numbers  in  the  first  year  of  life,  the  death-rate  at 
that  age  being  nearly  three  times  as  great  as  during  the  second  year. 
The  death-rates  for  the  first  ten  years  (corrected)  were  as  follows  : — 


Tbabs. 

I>«ath-rate 

from 

WhooplDg-ooagh. 

Tbabs. 

DtAtta-rate 

front 

Who<q>lng-coogh. 

0-1, 

1-2 

2-8. 

88.7 

12.7 

6.1 

8-4 

4-6, 

6-10,         .... 

3.0 
1.4 
0.4 

Consumption.* 

Total  deaths,  1856-95,  209,115. 

In  the  report  of  the  Board  for  1894  (page  Ixxv)  consumption  was 
treated  with  greater  fulness  of  detail  than  other  diseases,  in  conse- 

*  In  this  sammary  the  tenn  **  consnmption  "  refers  onlj  to  phthitit  pulmorMliSf  or  con- 
sumption  of  the  Lungs,  except  where  otherwise  stated. 
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quence,  mainly,  of  the  manifest  interest  in  the  subject  everywhere 
prevailing.  The  demand  for  such  information  continues,  and  hence 
a  more  minute  analysis  of  the  statistics  of  the  mortality  from  this 
cause  will  be  presented  in  this  summary.  The  recent  publication 
by  the  Board  of  Dr.  Russell's  pamphlet  on  **  The  Prevention  of 
Tuberculosis  "  has  also  increased  the  public  interest  in  all  that  per- 
tains to  the  question. 

The  number  of  deaths  registered  as  from  consumption  in  1895 
was  5,486,  and  the  death-rate  was  21.9  per  10,000,  being  the  lowest 
death-rate  from  this  cause  yet  recorded  for  the  State. 

The  whole  number  of  deaths  registered  from  consumption  in  the 
forty  years  1856-95  was  209,115,  and  the  mean  death-rate  of  the 
whole  period  from  this  cause  was  30.9  per  10,000  living. 

Of  the  whole  number  of  deaths,  96,278  occurred  in  the  first 
twenty  years  and  112,837  in  the  last  twenty,  the  mean  death-rate 
of  each  period  being,  respectively,  35.7  and  27.8  per  10,000.  The 
maximum  death-rate  in  any  year  from  this  cause  was  that  of  the  first 
year,  1856,  and  was  40.8  per  10,000,  and  the  minimum  (21.9)  was 
that  of  the  last  year,  1895,  so  that  the  death-rate  from  consumption 
had  declined  nearly  one-half  in  the  whole  period  of  forty  years. 

Sex.  —  The  deaths  of  males  from  consumption  were  43,314  in  the 
first  period  and  51,819  in  the  second,  and  those  of  females  were  52,- 
941  in  the  first  and  61,016  in  the  second.  The  number  of  persons 
whose  sex  was  not  stated,  in  the  whole  period  of  forty  years,  was 
only  25. 

The  death-rate  of  males  was  33.4  per  10,000  living  in  the  first 
period  and  26.4  in  the  second,  while  that  of  females  was  37.8  in  the 
first  and  29.1  in  the  second,  thus  showing  a  greater  improvement 
among  females  than  among  males. 

In  the  table  on  page  787  are  given  the  death-rates  per  million 
living  of  each  sex  by  single  years  for  a  still  longer  period  ( I851-^5)» 
and  also  a  comparison  of  the  male  and  female  rates,  the  fortner  being 
taken  as  1,000,  by  which  it  appears  that  for  the  ten-year  period 
1851  to  1860  the  mean  death-rate  of  females  from  consumption  to 
that  of  males  was  as  1,296  to  1,000,  in  the  next  decade  (1861  to 
1870)  as  1,095  to  1,000,  in  the  third  as  1,154  to  1,000,  in  thefoarth 
as  1,094  to  1,000,  and  for  the  single  years  1891,  1892,  1893,  1894 
and  1895,  as  1,074, 1,067, 1,043, 1,020  and  974  females,  respectively, 
to  1,000  males,  the  female  death-rate  from  this  cause  being  less  than 
that  of  males  for  the  first  time  in  1895. 
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Table  bl.^Phlhisia,    Annual  Death-rates  among  Persons^  Males  and  Females^ 

in  Each  Million  Living^  Massachusetts^  1851-95. 


Tkas. 


1851, 
1852, 
1853, 
1854, 
1855, 
1856, 
1857, 
1858, 
1859, 
1860, 

1861, 
1862, 
1868, 
1864, 
1865, 
1866, 
1867, 
1868, 
1869, 
1870, 

1871, 
1872, 
1878, 
1874, 
1875, 
1876, 
1877, 
1878, 
1879, 
1880, 

1881, 
1882, 
1888, 
1884, 
1885, 
1886, 
1887, 
1888, 
1889, 
1890, 

1891, 
1892, 
1898, 
1894, 
1895, 


PenoDt. 


8,901 
8,967 
4,272 
4,179 
4,195 
4,088 
8,950 
8,842 
8,886 
8,702 

8,658 
8,428 
3,726 
8,757 
8,678 
8,581 
8,255 
8,220 
8,288 
8,488 

8,898 
8,626 
8,586 
8,280 
8,474 
8,176 
8,204 
8,085 
2,975 
8,081 

8,245 
8,179 
8,160 
8,087 
8,066 
2,951 
2,856 
2,708 
2,565 
2,587 

2,896 
2,458 
2,810 
2,284 
2,194 


Male. 


8,166 

8,246 
8,592 
8,548 
8,680 
8,475 
8,572 
8,506 
8,473 
8,857 

8,849 
8,848 
8,677 
8,554 
8,582 
8,420 
8,080 
8,105 
8,088 
8,235 

8,126 
8,444 
8,860 
8,076 
8,244 
2,986 
2,926 
2,784 
2,706 
2,861 

8,025 
2,958 
2,941 
2,877 
2346 
2,875 
2,781 
2,687 
2,527 
2,498 

2,809 
2,871 
2,260 
2,211 
2,224 


Femal*. 


4,600 
4,645 
4,917 
4.781 
4,669 
4,649 
4,808 
4,157 
4,270 
4,025 

8,984 
8,504 
3,768 
8,941 
8309 
8,681 
8,416 
8,826 
8,517 
8,617 

8,648 
8,796 
8,698 
8,469 
8,685 
8,898 
8,461 
8,408 
8,228 
8,285 

8,450 
8,888 
8,868 
3,184 
8,270 
8.022 
2,925 
2,774 
2,600 
2,671 

2,479 
2,580 
2,358 
2,255 
2,166 


Fenute  Bat*  to 

1U1«  Bate  taken 

aal/Xn. 


1,296 


J 


1,095 


J 


1,154 


J 


1,094 


1,074 
1,067 
1,043 
1,020 
974 
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Id  the  diagram  on^this  page  the  same  figures  are  illustrated  and 
show  the  wide  divergence  in  the  death-rate  of  the  sexes  in  tlie  early 
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years  of  the  half-century,  and  their  rapid  approach  up  to  1863,  from 
which  date  the  death-rates  continue  nearly  parallel  until  1891,  when 
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they  again  approach  rapidly  and  the  male  death-rate  becomes  the 
greater  in  1895. 

The  diagram  also  illustrates  the  figures  for  England*  in  similar 
manner,  and  shows,  first,  that  in  every  year  the  consumption  death- 
rate  of  England  was  less  than  that  of  Massachusetts,  and  sec- 
ondly, that  the  death-rate  of  females  was  at  first  greater  than  that  of 
males,  but  became  less  in  1866,  a  much  earlier  date  than  that  of  Mas- 
sachusetts for  the  same  occurrence. 

Seasons  of  the  Year.  — In  tables  48-51  it  appears  that  consump- 
tion has  proved  fatal  in  Massachusetts  with  considerable  uniformity 
throughout  the  year,  the  greatest  and  least  mortality  from  this  cause 
(upon  a  daily  standard  of  100)  being  in  March  (106.4)  and  in  June 
(92.2)  in  the  first  period,  and  in  April  (110.4)  and  July  (93.7)  in 
the  second  period.  The  uniformity  of  its  seasonal  mortality  is  there- 
fore greater  than  that  of  any  of  the  other  diseases  enumerated. 

Ages.  —  The  highest  death-rate  from  consumption  in  the  first 
period  was  at  the  age  period  70  to  80,  when  it  was  87.6  per  10,000 
living;  that  of  the  age  period  20  to  30  was  51.7,  and  consequently 
the  disease  at  this  age  proved  fatal  to  much  larger  numbers,  since 
the  persons  living  were  much  greater  in  number  at  that  age.  The 
lowest  death-rate  was  at  ages  5  to  10  and  10  to  15  (page  769). 

In  the  second  period  (1876-95)  the  highest  death-rate  was  at  ages 
20  to  30,  and  the  lowest  at  ages  5  to  10  and  10  to  15  (page  771). 

The  greatest  improvement,  comparing  the  two  twenty-year  periods, 
was  at  ages  60  and  over,  the  death-rate  at  these  ages  in  the  second 
period  being  less  than  half  that  of  the  first  period  at  the  same  ages. 
(More  definite  details  relating  to  the  mortality  from  consumption 
by  sexes  and  ages  will  be  given  in  the  section  entitled  <<  Consumption 
in  its  Relation  to  the  Wage-earning  Period  of  Life."  ) 

*  From  Registrar-General's  last  decennial  report. 
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Table  ^.  —  Deaths  fivm   Consumption  and   Other  Tu\ 
Children  under  Ftjteen  Fears  of  Age,  toith  Ratio  to  '. 
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Table  60.  — Deaf A<  and  DeatK-ratet  from  Cotuumption  and  OOer   Tubtrcutar 

Ditetuea  ai  Certain  Aget  of  Life. 

18&6-57. 
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The  greater  part  of  the  figures  in  this  table  (Table  61)  are  from  a 
circular  of  the  Imperial  Board  of  Health  of  Germany,  upon  the  estab- 
lishment of  hospitals  for  consumptives,  published  at  Berlin,  1896. 

This  high  death-rate  of  infants  under  one  year  in  Massachusetts 
(see  column  for  infants  under  one  year,  in  foregoing  table)  is  the 
result  of  including  all  deaths  certified  as  deaths  from  tabes  mesen- 
terica,  which  constitutes  over  70  per  cent,  of  the  deaths  embraced  in 
this  group.  The  rejection  of  these  reduces  this  ratio  ( 1 17.3 )  to  33.6, 
and  makes  it  comparable  with  others  in  the  same  column,  and  espe- 
cially with  those  of  England. 

The  figures  for  older  ages  are  affected  but  little  by  including  tabes 
mesenterica,  since  most  of  the  certified  deaths  from  this  cause  occur 
in  the  first  year  of  life. 

Consumption  in  its  Relation  to  the  Wage-eaming  Period  of  Life. 

The  question  of  the  prevention  of  tuberculosis  has  assumed  so 
much  importance  in  recent  years  as  to  make  it  necessary  to  present 
the  vital  statistics  of  this  cause  of  death  in  such  form  as  will  be 
useful  for  consultation  in  the  most  practical  manner  possible.  The 
disease,  unfortunately,  affects  a  very  large  proportion  of  the  popu- 
lation. It  seriously  impairs  their  usefulness,  and  this,  too,  at  a 
period  of  life  when  the  capacity  to  earn  a  living  is  at  its  maximum. 

The  highest  death-rate  from  consumption  at  any  age  of  life  is  that 
which  prevails  at  the  age  period  twenty  to  thirty,  although  in  the 
earlier  years  of  the  last  half-century  the  death-rate  from  this  disease 
was  slightly  greater  at  the  age  period  seventy  to  eighty.  For  the 
twenty-five  years  1863-87  the  death-rate  from  this  cause  at  the 
age  period  twenty  to  thirty  was  49.4  per  10,000  of  the  living  at 
that  age,  and  62.1  of  the  living  at  ages  seventy  to  eighty.  (See 
forty-sixth  registration  report,  1887,  page  361.)  This  excess  at  ad- 
vanced ages  has  disappeared  in  recent  years. 

For  the  purpose  of  ascertaining  the  changes  which  have  taken 
place  during  the  forty-year  period  1856-95  we  have  here  presented 
the  deaths  from  consumption  during  the  first  two  and  the  last  two  years 
of  the  period  at  certain  specified  ages,  and  also  the  deaths  from  all 
tubercular  diseases,  in  separate  lines.  (See  tables  57-60.)  The 
diseases  embraced  in  this  enumeration  are  phthisis,  or  pulmonary 
tuberculosis,  hydrocephalus,  tabes  mesenterica  and  scrofula.  To 
these  are  added  the  few  deaths  certified  as  due  to  lumbar  abscess, 
cellulitis  and  goitre,  in  all  amounting  to  a  fraction  only  of  1  per 
cent,  of  the  total  of  tubercular  deaths. 
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The  periods  of  life  selected  for  comparisoD  are  three  id  namber, 
namely,  all  under  fifteen  years,  fifteen  to  sixty,  and  all  over  sixty  years, 
and  in  each  case  the  deaths  of  each  sex  are  also  given  separately. 

For  the  two  years  1894-95  the  age  period,  all  under  fifteen,  is  also 
divided  into  two  periods,  all  under  one  year  and  those  from  one  to 
fifteen  years  of  age.  This  was  not  possible  for  the  years  1856-57, 
without  an  undue  amount  of  laborious  research,  since  the  deaths  under 
one  from  different  causes  were  not  separately  published  until  1887, 
when  they  were  introduced  into  the  registration  reports  by  request  of 
the  State  Board  of  Health.  Hence  an  additional  short  table  has  been 
added  at  the  bottom  (1894-95,  0-5,  5-15  years)  in  order  to  make  the 
figures  of  the  latter  period  comparable  with  those  of  the  former. 

The  principal  value  of  these  tables  consists  in  the  presentation 
which  they  set  foilhof  the  relation  of  consumption  to  the  productive 
or  wage-earning  period  of  life.  It  is  at  this  time  of  life  that  consump- 
tion proves  by  far  the  most  destructive,  and  that,  too,  in  the  earlier 
part  of  the  period,  when  the  wage-earning  capacity  is  at  its  maximum. 

The  method  of  presentation,  the  comparison  of  the  number  of 
deaths  from  this  cause  with  the  total  number  of  deaths  from  all 
causes,  is,  we  are  aware,  faulty  and  open  to  certain  objections,  hence 
we  have  also  presented  the  same  deaths  in  comparison  with  the  liv- 
ing population  at  the  same  ages  of  life.     (See  Table  60,  page  793.) 

The  former  method  was  selected  in  this  case  and  given  greater 
prominence  in  order  to  bring  out,  in  the  most  striking  manner,  the 
excessive  destructiveness  of  this  disease  upon  persons  of  certain  ages 
at  the  time  when  their  usefulness  as  wage-earners  is  at  its  maximum, 
and  secondly,  in  order  to  be  enabled  to  compare  th,e  statistics  of  this 
character  with  those  of  other  countries  recently  published.  These 
figures  are  presented  by  the  Imperial  Board  of  Health  of  Grermany 
in  a  recent  circular  upon  the  "Advantages  of  Institutions  for  the 
Treatment  of  Lung  Diseases."* 

GERMANY  ENGLAND  lELGIUM  MASSACHUSCttS 

1892-93  I88S-93  I88S-84  I8f4-9S 


22.3  37.1  2t.t 


Pbbcbntaoe  of  Deaths  from  Titbbiiculoais  (in  Obitvral)  to  Dbatbs  fbom  Au.  OAims  or 

DlFFBRlNT  POPULATION!  AT  THB   WAOB-KABNIHe  FBRIOD  OF  LiFB   (16-60  TBAXt). 

*  Bin  Beltrag  sar  Benrtbeilang  des  Nutzens  tod  HeilsUtten  flir  Langen  Kraakd.    Berlin,  188S. 
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By  these  tables  (page  790)  it  appears  that  in  every  1,000  deaths 
from  all  causes  among  persons  from  fifteen  to  sixty  years  of  age,  in 
the  two  years  1856  and  1857, 469  were  from  tuberculosis  in  general ; 
those  of  males  were  416  and  those  of  females  were  516,  —  in  the 
latter  case  constituting  more  than  half  the  deaths  from  all  causes  at 
that  period  of  life.  In  1894  and  1895  these  figures  were  reduced  to 
288  for  both  sexes,  or  to  277  in  males  and  299  in  females.  In  the 
accompanying  diagram  for  different  populations  the  open  squares 
represent  the  deaths  from  all  causes  and  the  shaded  portions  the 
percentage  of  deaths  from  tuberculosis  in  general. 


AGES 


UNOCR  15 


15-60 


OVER  SO 


1855-57 


CONSUMPnON.  S^ 

OTHER  TUBERCULOUS  5.5 

DISEASES. 


1894-55 


CONSUMPTION.  2.1 

OTHER  TUBERCULOUS  8J 
DISEASES. 

CONSUMPTION.  ■ 

OTHER  TUBERCULOUS  DISEASES.      B 

PXBCXHTAOBS  OF  DiATHS  FROM  CONSUMPTION  AND  OtHSB  TUBKBCOLAR  DlSIASSt  TO  TOTAL 

Dbathi  at  Each  or  Thbeb  Pibiodi  of  Life  (ukdbb  15,  16-00  and  ovsb  60),  in  18M-67  anb 
18M>95,  Massachuibtts. 

It  also  appears  that  in  every  1,000  deaths  from  all  causes  among 
persons  from  fifteen  to  sixty  years  of  age  in  the  two  years  1856 
and  1857,  462  were  from  phthisis  or  consumption  of  the  lungs. 
Those  of  males  were  409  and  those  of  females  509y  in  the  latter 
case  being  more  than  half  the  deaths  from  all  causes.  In  the  two 
years  1894  and  1895  these  figures  were  reduced  to  269  for  males 
and  287  for  females.     (See  Table  57,  page  790.) 

In  the  age  period  of  life  twenty  to  thirty  the  mortality  was  still 
greater,  being,  in  the  two  years  1856  and  1857,  482  for  males  and 


798 


STATE  BOARD  OF  HEALT 


579,  out  of  each  1,000  deaths  of  females.  The  i 
period  bad  also  fallen  to  39S  and  450,  reaped 
yeara  1894  aod  1895.     (See  Table  58,  page  791.; 

These  tables  also  nhow  that  the  excess  of  fea 
consmnption  amon};;  persons  over  sixty  years  < 
years  1856  and  1857,  had  disappeared  in  the  t 
1895,  and  given  place  to  an  excess  of  such  morti 
They  also  show  the  rate  of  mortality  from  other  ti 
(not  pulmonary  phthisis)  among  children  under  i 

In  Table  60  the  deaths  and  death-rates  from  con 
all  tubercular  diseases  at  each  of  the  three  periotj 
fifteen,  fifteen  to  sixty  and  all  over  sixty,  are  pn 
periods  1856-57  and  1894-95,  and  show  a  mnrkt 
the  death-rate  from  pulmonary  phthisis  at  each  of 
especially  in  childhood  and  old  age.  The  same  fij 
for  phthisis  in  the  accompanyiDg  diagram. 

ASM 


WDM  IS 

rl             1 

IB  •  10 

'  ttVEl  10 

Pneumonia. 
ToU]  de&th*,  1SS»-SB,  101,216. 
The  deaths  registered  from  pneumonia  in  189 
the  death-rate  18.6.     This  was  higher  than  that 
siderably  less  than  those  of  1892  and  1893.     1 
these  three  years,  1892,  1893  aod  1894,  were, 
23.0  and  16.8. 
The  course  of  pneumonia  shows  a  marked  coni 
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majority  of  infectious  diseases,  in  that  it  has  risen  from  a  death-rate 
of  8.5  in  1856  to  one  of  23.0  in  1893.  The  increase  of  pneumonia, 
however,  has  been  marked  by  greater  irregularities  than  are  pre- 
sented by  the  decline  of  consumption. 

The  total  deaths  from  this  cause  in  the  first  period  were  32,868, 
and  those  of  the  last  period  were  68,358,  making  an  aggregate  of 
101,226  in  the  forty  years  ending  with  1895.  The  death-rate  of  the 
first  period  was  12.2  per  10,000  and  that  of  the  latter  was  16.8. 
The  death-rates  of  the  five-year  periods  were  respectively  as  follows, 
from  1856  to  1895:  9.6,  11.9,  11.8,  14.7,  14.2,  16.0,  16.4,  19.7. 

In  a  paper  read  by  Dr.  C.  F.  Folsom  at  the  meeting  of  the  Amer- 
ican Association  of  Physicians  in  Washington,  May  1,  1896,  the 
author  presents  a  diagram  showing  the  death-rate  from  pneumonia 
in  England  and  in  Glasgow  from  1852  to  1894.  It  is  therein  shown 
that  pneumonia  in  Glasgow  has  followed  a  course  in  its  death-rate 
very  similar  to  that  of  Massachusetts,  especially  since  1858,  while 
in  England  the  death-rate  from  this  cause  has  diminished  down  to 
1890,  when  it  again  increased. 

Seasonal  Prevalence.  —  The  seasonal  mortality  of  pneumonia  in- 
dicates a  comparatively  uniform  course  throughout  the  forty  years 
and  for  the  eleven  months  from  February  to  December  inclusive ; 
but  the  relative  death-rate  of  January  appears  to  be  considerably 
greater  in  the  second  period  than  in  the  first,  probably  in  consequence 
of  the  unusual  prevalence  of  epidemic  influenza  in  the  winter  of 
1889-90  and  the  three  following  years.  (See  forty-ninth  registra- 
tion report,  1890,  page  347,  and  twenty-first  annual  report  of  State 
Board  of  Health,  page  307.) 

The  greatest  maximum  departure  from  the  mean  annual  death-rate 
from  this  cause  was  in  March  in  the  first  period  and  in  January  in 
the  second,  and  the  greatest  minimum  departure  was  in  August  in 
each  period. 

Sex.  —  There  was  in  each  period  a  greater  death-rate  of  males 
than  of  females,  but  the  difference  was  greater  in  the  first  period 
than  in  the  second,  the  ratio  being  as  117  males  to  each  100  females 
in  equal  numbers  living  in  the  first  period,  and  as  110  males  to  each 
100  females  in  the  second. 

Age.  —  The  death-rate  appears  to  have  increased  at  each  age  of 
life,  but  the  greatest  relative  increase  occurred  at  all  ages  above 
twenty  years.  The  death-rates  at  different  ages  bore  nearly  the 
same  relative  proportion  to  each  other  in  each  period.     For  example, 
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the  death-rate  of  age  5  to  10  and  age  10  to  15  in  the  first  period  were 
respectively  8.6  and  3.7  per  cent,  of  the  death-rate  at  age  0  to  5, 
while  in  the  second  period  they  were  9.1  and  3.8  per  cent,  of  the 
death-rate  at  that  age.     At  older  ages  the  differences  were  greater. 

Kidney  Diseases. 

Total  daatbf,  1856-M,  26^219. 

The  whole  number  of  deaths  ascribed  to  this  cause  in  1895  was 
1,860,  and  the  death-rate  7.4  per  10,000  of  the  population.  Under 
this  head  are  embraced  all  deaths  included  in  the  registration  reports 
under  the  titles  <*  diseases  of  the  kidneys,**  <<  nephritis,**  **  nephria" 
and  '*  Bright's  disease.**  At  the  suggestion  of  the  State  Board  of 
Health  the  obsolete  term  *<  nephria  **  was  stricken  from  the  list  after 
1887. 

The  total  deaths  from  this  group  of  causes  registered  during  the 
forty  years  were  26,219,  of  which  4,062  occurred  in  the  first  twenty 
years  and  22,157  in  the  last  twenty  years.  The  death-rate  of  the 
first  period  was  1.5  per  10,000  and  that  of  the  second  was  5.5. 
The  rapid  and  comparatively  uniform  increase  in  the  death-rate  is 
remarkable,  the  minimum  death-rate  being  that  of  the  first  three 
years  (1856-58),  or  .4,  and  the  maximum,  7.4,  was  that  of  1895, 
the  last  year  of  the  period. 

Sex.  —  Reference  to  Table  123  of  the  forty-sixth  registration 
report  (1887)  shows  that  the  death-rate  of  males  was  generally 
greater  than  that  of  females.  In  a  ten-year  period  (1878—87)  theie 
were  5,291  deaths  of  males  and  3,720  of  females  from  kidney  diseases. 

Since  the  diagnosis  of  diseases  of  the  kidneys  has  progressed 
rapidly  during  the  forty  years  embraced  in  this  period,  it  is  fair  to 
infer  that  a  considerable  part  of  the  increase  may  be  due  to  the 
transfer  to  this  title  of  cases  which  would  in  earlier  times  have  been 
referred  either  to  the  title  of  *<  dropsy,*'  or  to  that  of  unknown 
causes.  (See  table  on  page  356  of  registration  report  of  1890,  in 
which  it  appears  that  deaths  certified  as  due  to  kidney  diseases  had 
increased  more  than  twentyfold  in  the  forty  years  1851-90,  while 
the  death-rate  ascribed  to  dropsy  in  the  last  years  of  the  period  bad 
fallen  to  less  than  one-fifth  of  that  which  is  shown  in  the  first  ten  years 
of  the  period.  The  result  of  these  changes  is  shown  in  the  sum  of 
the  deaths  ascribed  to  kidney  diseases  and  dropsy,  wherein  the 
actual  increase  in  the  death-rate  from  these  combined  causes  is  only 
50  percent,  for  the  whole  period.) 
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Heart  Diseases. 

Total  deaths,  1866-90,  67,969. 

The  whole  number  of  deaths  registered  as  due  to  heart  diseases 
in  1895  was  3,566,  and  the  death-rate  was  14.3  per  10,000.  This 
death-rate  was  slightly  higher  than  that  of  1894  from  the  same 
cause,  but  was  less  than  that  of  any  previous  year  since  1887. 

The  total  mortality  from  heart  diseases  in  the  forty-year  period 
was  67,989,  of  which  17,550  occurred  in  the  first  half  and  50,439 
in  the  last  half,  the  death-rates  being  respectively  6.5  and  12.4. 
The  minimum  death-rate  from  this  cause  was  4.9,  which  occurred  in 
each  of  the  years  1858  and  1859,  and  the  maximum  was  16.0,  in  1892. 

Sex.  — Reference  to  Table  125,  registration  report  of  1890,  shows 
that  the  death-rate  of  males  from  heart  disease  was  slightly  greater 
in  number  than  that  of  females. 

Ages.  —  In  Table  126  of  the  same  report  are  presented  the  death- 
rates  from  heart  disease  by  ages.  From  these  we  have  selected  the 
column  for  1855,  and  have  added  the  figures  for  1895,  these  being 
very  nearly  the  extreme  years  of  the  forty-year  period  under  con- 
sideration. 

By  this  table  it  appears  that  the  death-rate  has  increased  at  each 
age  period,  but  the  increase  has  been  much  the  greatest  at  advanced 
ages.  A  comparison  of  the  table  referred  to  with  the  following 
table  shows  that  the  death-rate  at  each  age  in  1890  was  greater  than 
that  of  1895  at  corresponding  ages. 

The  increasing  use  of  the  indefinite  term  **  heart  failure,"  as  affect- 
ing the  statistics  of  this  group  of  causes,  has  received  sufficient 
comment  in  the  forty-ninth  registration  report,  Massachusetts,  1890 
(page  363). 

Table  62.  —  2>co/A-ra^5  by  Ages,  1866  and  1895,  per  lOfiOO  Living  at  Each 

Age, 


0. 

5, 
10, 
16, 


AOBS. 


18011.    I     189S. 


5.9 
1.4 
1.8 
1.8 
2.0 
2.8 


7.2 
1.8 
1.9 
2.0 
3.2 
8.0 


40, 
80. 
80. 
TO, 
SO, 


A«B«. 


ISWI. 


6.5 

8.8 

20.9 

27.1 

88.8 


IMS. 


11.9 

28.8 

81.6 

188.1 

188.4 
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Brain  Diseases. 

Total  deftths,  1866-96, 114,086. 

The  diseases  embraced  under  this  group  are  those  which  are  in* 
eluded  in  the  registration  reports  under  the  titles  <<  apoplexy," 
**  paralysis,"  <<  insanity,"  **  softening  of  the  brain,"  and  the  general 
terms  '<  cephalitis"  and  <<  unspecified  diseases  of  the  brain."  Hie 
unsatisfactory  term  '<  cephalitis"  has  been  employed  for  many  years 
in  the  registration  reports  as  a  makeshift,  to  include  all  inflammatory 
and  other  diseases  of  the  brain  which  it  was  found  difificult  to  place 
under  other  titles. 

The  number  of  deaths  from  this  group  of  causes  in  1895  was  5,062 
and  the  death-rate  20.2,  which  was  less  than  that  of  any  year  since 
1890. 

The  whole  number  of  deaths  in  the  forty  years  from  brain  diseases 
was  114,036,  of  which  86,054  occurred  in  the  first  half  and  77,982 
in  the  last  half  of  the  period.  The  death-rate  of  the  first  half  was 
13.4  and  that  of  the  last  half  19.2,  or  not  quite  50  per  cent,  greater. 
That  of  the  minimum  year  (1856)  was  9.4,  and  that  of  the  mazimam 
years  (1892  and  1893)  was  21.5  per  10,000. 

Cancer. 

Total  deaths,  1866-M,  81,140. 

The  deaths  registered  as  from  cancer  in  1895  were  1,749.  Tliis 
was  a  much  larger  number  than  that  of  any  previous  year.  The  death- 
rate  was  7.0  per  10,000,  as  compared  with  6.4  in  1894.  There  has 
been  a  very  steady  and  comparatively  uniform  increase  in  the  death- 
rate  from  this  cause  from  a  minimum  of  1.9  in  1856,  the  first  yetr 
of  the  period,  to  7.0  in  1895,  the  last  year. 

The  total  number  of  deaths  from  cancer  in  the  whole  period  of  forty 
years  was  31,140,  of  which  8,219  occurred  in  the  first  twenty  year? 
and  22,921  in  the  last  twenty  years.  The  death-rates  of  the  two 
periods  were  respectively  3.0  and  5.6.  Those  of  the  five-year 
periods  were  as  follows:  2.3,  2.7,  3.3,  3.7,  4.5,  5.4,  5.9,  6.4. 

In  the  early  registration  reports  the  term  '<  cancer  "  appears  alone, 
without  specification  as  to  its  seat  or  location  ;  the  term  <*  cancer  of 
the  stomach"  first  appears  in  the  report  of  1867,  ** epithelionM"in 
1876,  <<  cancer  of  the  liver  and  uterus  "  in  1878,  ••  of  the  bowels'*  in 
1881,  and  of  the  •*  breast,"  *•  spleen,"  *<  kidneys"  and  ••  pancieas" 
in  1887. 
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The  following  figares  show  m  simiUr  stesdj  inerease  in  the  death-tsk 
from  cancer  in  England  and  Wales :  — 

Deaths  from  Cancer  per  10^000  of  Ou  FopmlaUim  tn  En^amd  and  Wain* 

1861-70 5.9 

1871-80, 4.7 

1881-90 5.9 


Chad-birth. 

Total  deaths,  185S-W.  12.072. 

Bat  little  account  has  been  taken  in  the  registrmtion  reports  of  the 
changes  which  have  occurred  in  the  mortality  from  the  diseases  isd 
incidents  of  child-birth.  Hence  a  column  has  been  introduced  in 
Table  46  in  which  these  data  are  presented. 

It  is  desirable  to  state  clearly  at  the  outset  what  deaths  should  be 
included  under  this  title,  since  several  terms  are  employed,  and  alw 
what  shall  be  the  standard  of  comparison  in  stating  a  death-rate.  It 
was  therefore  decided  to  include  all  deaths  classed  as  from  child- 
birth (under  this  term  are  embraced  all  deaths  specified  as  fron 
abortion,  child-birth,  miscarriage  and  puerperal  convnlsions),  poo^ 
peral  fever,  metritis,  metria,t  puerperal  septicaemia,  and  the  exoeei 
of  female  deaths  from  septicaemia  over  those  of  males. 

With  reference  to  the  standard  of  comparison  these  deaths  tie 
those  of  one  sex  only,  and  mostly  at  ages  from  fifteen  to  foTty-fire, 
hence  it  seemed  best  not  to  employ  the  living  popalation  as  a  stand- 
ard, as  is  done  in  the  other  columns  of  the  table,  nor  should  the  fir- 
ing births  he  used  as  a  standard,  since  still-births  subject  the  mothen 
to  the  same  puerperal  dangers  as  living  births.  The  standard  eoh 
ployed  is,  therefore,  the  number  of  cases  of  births  occurring  in  esek 
year,  obtained  by  talcing  the  sum  of  cases  of  living  and  of  still  biithe-t 
Each  case  of  plural  birth  is  also  reckoned  as  a  single  case.  The  rel- 
ative figures  represent  deaths  per  10,000  cases  of  birth,  and  showi 
considerable  decrease  comparing  the  two  periods.  The  whole  dob- 
ber  of  cases  of  birth  in  the  forty  years  was  1,820,756,  and  the  deatb 
by  child-birth,  etc.,  12,075,  or  66.3  per  10,000.  In  the  firat  period 
(1856-75),  with  745,461  cases  of  birth,  there  were  5,584  deaths ii 

•  Kegistrar-Ocneral'B  Decennial  Supplement,  toI.  1,  Loodoo,  ISSS,  pi^  M» 
t  An  obsolete  term  adopted  by  Dr.  Farr. 
t  This  method  was  adopted  in  order  to  make  Uie  flgnvet 
countries. 
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child-birth,  or  74.9  per  10,000,  and  in  the  second  period  (1876-95) 
1,075,295  cases  of  birth  produced  6,491  deaths,  or  60.4  per  10,000. 

The  death-rates  by  five-year  periods  were  as  follows :  68.6,  68.1, 
76.2,  83.8,  73.3,  72.9,  54.4,  48.2. 

There  appears  to  have  been  an  increase  up  to  the  fourth  period, 
and  then  a  greater  decrease  to  the  close* 

In  the  following  table  and  diagram  are  presented  the  figures  for  Massa- 
chusetts and  those  of  a  similar  table  published  by  Brennecke  for  Prussia, 
in  each  of  which  a  rise  appears  during  the  first  half  of  the  period  and  then 
a  greater  fall  to  the  close  of  the  table :  — 

Table  64. 


Ykab. 


18S1. 
IStt, 


lt84'. 
1SI6. 


1887. 


1880, 

1881, 
1882, 
1888. 
1884, 
1885, 

1868-86, 
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1866,  . 
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1868,  . 

1888,  , 

1880,  . 
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1888,  . 

1888,  . 

1884,  . 

1866,  . 

1886.  . 

1867,  . 

1868,  . 
1868.  . 
18T0,  . 

1871,  . 

1878,  . 

1878,  . 

1874.  . 

1876,  . 


18T6, 
1877, 
1878, 
1878, 
1880, 


84.868 
86,688 
84,805 
86,806 
86,700 

86,000 
88,514 
80,004 
81,006 
80,810 

84,776 
85,726 
86,870 
86,884 
88,088 

40,800 
44,187 
46,808 
46,682 
44,084 

48,070 
42.008 
42,088 
41,201 
46,127 

46,270 
46,728 
48,460 
40,801 
40,004 

68,121 
64,606 
66386 
68,648 
60,866 

64,588 
67,620 
60,008 
68,627 
60,168 

• 

1,820,766 

107 
287 
226 
268 
200 

288 
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206 
212 
200 

246 
248 
271 
814 
828 

282 
888 
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414 
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816 

870 
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850 
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280 
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817 
826 
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66.6 
66.4 
64.8 
78.6 
81.8 

78.4 
68.8 
66.8 
68.4 

67.8 

70.4 
68.0 
78.6 
85.1 
88.0 

60.1 
76.6 
88.7 
88.7 
04.8 


88.6 

64.4 
70.6 
72.8 
70.0 

70.0 
76.1 
76.6 
64.0 
70.0 

68.1 
61.4 
40.1 
61.7 
61.6 

41.6 
60.8 
46.0 
47.4 
64.0 

66.8 
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76.0 
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71.8 
78.8 
81.0 
80.6 
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70.6 
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60.1 
80.2 
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80.0 
68.0 
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46.6 
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The  oolamn  of  fignres  for  Pruaaia  in  this  table  is  taken  from  a  paper  by 
Dr.  H.  B.  Brennecke  of  Magdebarg,  entitled  *^  Errichtang  von  Heimstatten 
fiir  Woohnerinnen,"*  and  extends  over  a  period  of  fifty  years  (1844-93). 
It  contains  the  statistics  of  296,867  deaths  from  child-birth  and  its  ind- 
dents  out  of  44,095,659  cases  of  labor. 

Death-rates  from  Child-birth,  Massachusetts  and  Prussia^  186G-95, 


In  commenting  upon  that  portion  of  the  foregoing  table  which  re- 
lates to  the  mortality  of  child-bearing  women  in  Prussia,  Brennecke 

•  Vierte\)ahrs8cbrift  fiir  Off.  Oesundbeitspflege,  1897,  p«g«  81,  toI.  29. 
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says :  '*  Hegar  in  1892,  at  the  gynaecological  congress  in  Bonn,  prop- 
erly called  attention  to  the  fact  that  the  sudden  and  surprising  fall  of 
the  puerperal  mortality  curve  in  1874  was  not  due  to  the  influence  of 
antiseptics  (which  were  not  employed  at  that  time  in  the  country  dis- 
tricts), but  may  he  attributed  solely  to  the  fact  that  in  1874  the  ad- 
ministration of  the  official  registration  passed  out  of  the  hands  of  the 
clergy  into  those  of  the  civil  authorities.  I  have  no  doubt/'  says 
Hegar,  ''that  the  collection  of  the  statistics  was  conducted  more 
accurately  by  the  clergy  than  by  the  civil  authorities,  since  in  the 
country  districts  the  clergy  are  especially  well  informed  as  to  the 
condition  of  the  families  under  their  care.  They  are  summoned  in 
cases  of  child-birth,  and  know  when  death  in  childbed  occurs.  The 
civil  authorities  are  not  so  well  informed.^ 

Whether  the  foregoing  comments  in  regard  to  the  cause  of  the 
changes  in  the  death-rate  from  the  incidents  of  child-birth  in  Ger- 
many are  correct  is  a  question.  They  certainly  do  not  apply  to  the 
similar  column  of  statistics  for  Massachusetts,  since  while  the  Massa- 
chusetts column  shows  precisely  the  same  sudden  fall  three  years 
later,  it  is  not  true  that  any  change  in  the  methods  or  the  authorities 
collecting  the  statistics  have  here  taken  place,  since  they  have  from 
the  very  outset,  in  1842,  been  collected  by  the  city  registrars  and 
the  town  clerks  throughout  the  State. 

Certain  Minor  Causes  of  Death. 

Cerebro-spinal  Meningitis.  —  This  term  does  not  appear  as  a  cause 
of  disease  in  the  published  registration  returns  until  1873,  in  which 
year  747  deaths  from  this  cause  were  registered,  a  number  more 
than  three  times  as  great  as  that  of  any  succeeding  year  from  the 
same  cause.  During  the  few  preceding  years  all  deaths  returned  as 
from  this  cause  were  classed  under  the  vague  and  indefinite  term 
'•  cephalitis.'* 

In  the  preceding  year,  1872,  Dr.  Derby  had  called  attention  to 
the  prevalence  of  cerebro-spinal  meningitis,  and  had  published  a 
brief  statement  relative  to  the  disease  in  the  registration  report  of 
that  year. 

In  the  three  years  1873,  1874  and  1875,  the  last  years  of  the  first 
twenty-year  period  under  consideration,  1,159  deaths  from  this 
cause  were  registered,  and  when  compared  with  the  mean  popula- 
tion of  the  three  years  the  death-rate  was  2.4  per  10,000  living. 
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In  the  second  period  the  disease  prevailed  more  or  less  in  each 
year,  the  minimum  mortality  being  78  deaths  in  1878  and  the  maxi- 
mum, 171  in  1888,  the  total  for  the  second  period  being  89640,  and 
the  mean  death-rate  0.65  per  10,000  for  the  whole  period. 

i:ry8ipela8.  —  ToiA\  deaths,  1856-95,  7,688.  The  deaths  from 
erysipelas  in  the  first  period  were  3,565,  and  the  mean  annual  death- 
rate  1.3.  Those  of  the  second  period  were  4,123,  and  the  death- 
rate  1.0  per  10,000,  thus  showing  a  slight  improvement,  comparing 
the  two  periods.  The  maximum  for  the  whole  forty-year  period 
was  262,  in  1875,  and  the  minimum  124,  in  1862. 

Influenza.  —  Total  deaths,  1856-95,4,315.  The  whole  number 
of  deaths  registered  as  due  to  influenza  in  the  first  period  was  943, 
and  the  mean  annual  death-rate  per  10,000  from  this  cause  was  0.35. 
In  the  second  period  the  deaths  were  3,372,  and  the  mean  annual 
death-rate  0.83  per  10,000. 

In  no  year  of  the  first  period  did  the  deaths  attributed  to  this  cause 
exceed  92  (1857),  and  in  no  year  of  the  second  period  previous  to 
1890  did  they  exceed  48,  but  in  1890  they  suddenly  rose  from  27  to 
411,  and  in  the  six  closing  years  of  the  period  they  were,  respectively, 
41 1,  546,  967,  296,  370  and  457,  the  deaths  from  this  cause  in  these 
six  years  constituting  more  than  90  per  cent,  of  all  the  recorded 
deaths  from  the  same  cause  in  the  twenty-year  period  1876-95. 
(For  further  information  relative  to  the  deaths  from  other  diseases 
occurring  coincident  with  the  outbreaks  of  influenza,  see  forty-ninth 
registration  report,  1890,  pages  347-351,  also  a  summary  of  the 
epidemic  of  1889-90  in  the  twenty-first  annual  report  of  the  State 
Board  of  Health,  1889.) 

Malarial  jPcrer.  —  Total  deaths,  1856-95,  1,458.  The  deaths 
from  malarial  fever  are  those  which  are  registered  under  the  titles 
•*  ague"  and  •*  remittent  fever.**  In  the  first  period  they  were  465 
in  number  and  in  the  second  993,  the  mean  annual  death-rates 
being  respectively  0.17  and  0.24  per  10,000  living.  The  highest 
number  in  any  year  was  86,  in  1893,  and  the  lowest  8,  in  1859. 
During  the  years  1863-64  (the  midst  of  the  civil  war)  the  numbers 
were  nearly  doubled,  as  compared  with  the  mean  annual  number  of 
that  period. 

Since  the  beginning  of  its  recrudescence  in  Massachusetts  in  the 
second  period  the  deaths  from  this  cause  have  also  notably  increased, 
but,  in  consequence  of  its  comparatively  mild  fatality,  the  death-rate 
from  this  cause  has  at  no  time  been  high.     (For  further  information 
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relative  to  its  prevalence,  see  reports  of  the  Board  for  1880,  1885 
and  1889,  also  the  second  joint  report  of  the  State  Board  of  Health 
and  the  Metropolitan  Park  Commission,  1895.) 

Rheumatism.  —  Total  deaths,  1856-95,  6,516.  The  deaths  regis- 
tered as  from  rheumatism  in  the  first  period  were  2,329  and  in  the 
second  4,187,  and  the  mean  annual  death-rates  were  respectively 
0.86  and  1.03  per  10,000  living,  thus  showing  a  slight  increase. 
The  death-rate  maintained  a  fairly  uniform  course,  with  a  slight  ten- 
dency to  increase  throughout  the  whole  period. 

Hydrophobia.  —  This  disease  appears  occasionally  as  a  spasmodic 
epidemic  lasting  for  one  or  more  years,  but  never  proving  very 
destructive  to  life.  The  following  statistics  are  for  the  entire  period 
of  registration,  ending  with  1895. 

There  were  no  deaths  registered  from  this  cause  in  1895  nor  in  1894. 

The  number  registered  in  the  whole  period  of  registration  was 
117.     The  number  of  deaths  in  each  year  was  as  follows :  — 


Table  ^b,—  Deaihs  from  Hydrophobia^  MaasaekuseUs^  1842-96. 


1842-47, 

1846, 

1849, 

1850, 

1861, 

1862, 

1863, 

1854, 

1855, 

1856, 

1857, 

1858, 

1859, 

1860, 

1861. 

1862, 

1863, 

1864, 

1865, 

1866, 

1867, 

1868, 

1869, 

1870, 

1871, 

1872, 


0 

1878, 

1 

1874, 

3 

1875, 

1 

1876, 

1 

1877, 

0 

1878, 

2 

1879, 

6 

1880, 

1 

1881, 

0 

1882, 

1 

1883, 

2 

1884, 

8 

1885, 

2 

1886, 

0 

1887, 

0 

1888, 

1 

1889, 

1 

1890, 

0 

1891, 

0 

1892, 

1 

1893, 

0 

1894, 

0 

1895, 

2 

0 

1 

0 

Total, 


0 
0 
0 
4 
14 
15 
6 
8 
8 
0 
0 
0 
0 
0 
0 
2 
14 
17 
9 
1 
2 
0 
0 

117 
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The  average  number  of  deaths  in  each  year  from  hydrophobia 
was  but  little  more  than  2,  and  in  twenty-seven  years,  or  just  half 
the  whole  number  of  years  (see  foregoing  table) ,  there  were  no  deaths 
from  this  cause.  The  two  principal  epidemics  were  those  of  1876-81 
and  1888-91. 

Sex.  —  The  deaths  of  males  were  96,  or  82  per  cent.,  and  the 
females  were  21,  or  18  per  cent.,  of  the  whole  number  of  deaths 
from  this  cause. 

Ages.  —  The  deaths  by  ages  were  as  follows 


0-5, 18 

6-10 26 

10-15, 14 

16-20 10 

20-30 12 

80-40, 14 


40-60, 

60-60, 

60-70, 

70-80, 

Oyer  80, 

Unknown 


9 

10 
6 
2 
1 
1 


By  this  table  it  appears  that  over  44  per  cent,  of  the  victims  of 
this  disease  were  children  under  fifteen  years  of  age.* 

Prevalence  by  Months.  —  The  deaths  by  months  were  as  fol- 
lows :  — 


January, . 
February, 
March, 
April,  . 
May,     . 
June,    . 


8 

9 

10 

10 

July,     .        .        .        . 
August,  ... 
September,  . 
October, 

6 

...        9 
.       IS 

10 

November,  . 

S 

10 

December,    . 

9 

This  table  shows  a  fairly  uniform  distribution  throughout  the  year, 
with  the  greatest  number  in  August  and  the  least  in  July. 

Counties.  —  The  distribution  of  the  deaths  by  counties  was  as 
follows :  — 


Barnstable, 
Berkshire, 
Bristol, 
Dukes, . 
Essex,  . 
Franklin, 
Hampden, 
Hampshire, 


2 

Middlesex,  . 

V 

3 

Nantucket,  . 

0 

14 

Norfolk,       . 

.       16 

1 

Plymouth,    . 

8 

18 

Suffolk,        .        .        , 

,       U 

3 

Worcester,  . 

7 

7 

.. 

2 

Total,    . 

.     117 

In  those  communities  where  dogs  are  constantly  nuizzled,  as  in 
Berlin,  hydrophobia  has  been  practically  '<  stamped  out."     (Foitfaer 

•  Oat  of  960  deaths  from  this  caase  in  England  from  1854  to  1888,  51  per 
persons  ander  twenty  ^ean  ot  «b^. 
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information  relative  to  this  disease  may  be  found  in  the  twenty- 
second  report  of  the  Board,  1890,  page  xxvii.) 

Comparing  the  two  twenty-year  periods  1856-75  and  1876-95 
the  deaths  from  hydrophobia  in  the  former  were  13  and  in  the  latter 
89,  the  death-rates  being  respectively  0.005  and  0.022  per  10,000 
inhabitants,  the  death-rate  having  increased  more  than  fourfold. 
These  figures,  however,  are  comparatively  insignificant  in  conse- 
quence of  their  small  number. 

Glanders.  — Total  deaths,  1856-95,  23.  No  deaths  were  recorded 
from  this  cause  until  1869,  and  there  were  only  9  in  the  first  twenty- 
year  period.  In  the  second  period  the  number  of  deaths  from  this 
cause  was  14.  It  is  worthy  of  note  that  4  of  these  deaths,  the 
greatest  number  in  any  one  year,  occurred  in  1872,  the  chief  epidemic 
year  of  the  forty-year  period. 

Malignant  Ihistule. —TotsA  deaths,  1856-95,  104.  The  whole 
number  of  deaths  registered  from  this  cause  in  the  first  period  was 
67,  and  those  in  the  second  period  were  87,  the  mean  annual  death- 
rate  having  fallen  from  0.025  to  0.009  per  10,000  living.  Although 
the  whole  number  of  deaths  is  small,  this  decrease  in  the  death-rate 
is  notable.  The  deaths  attributed  to  this  cause  occurred  for  the 
most  part  in  a  few  small  towns,  in  which  the  industries  of  tanning 
and  of  sorting  horse-hair  were  conducted.  During  the  first  period 
attention  was  drawn  to  this  form  of  disease  and  to  the  necessity  of 
adopting  measures  for  its  prevention. 

The  greatest  number  of  deaths  in  any  one  year  (9)  occurred  in 
1868  and  in  the  first  period,  while  the  greatest  number  in  any  year 
of  the  second  period  was  5. 

Alcoholism  and  Syphilis.  —  A  certain  number  of  deaths  are  cer- 
tified every  year  as  due  to  intemperance  and  syphilis.  No  summary 
of  the  statistics  of  these  causes  of  death  can  have  actual  value  as 
representing  the  prevalence  of  alcoholism  and  venereal  diseases  for 
the  following  reasons :  — 

Snch  returns  cannot  in  any  sense  be  regarded  as  an  index  of  the  prev- 
alence of  intemperance,  since  there  can  be  no  doubt  that  the  desire  to 
spare  the  feelings  of  surviving  relatives  limits  the  statement  as  to  this  cause 
of  death  to  those  cases  where  no  disguise  is  possible. 

The  undue  prominence  of  the  cases  reported  in  the  more  populous 
counties  may  be  regarded  as  partly  due  to  the  public  institutions  exist- 
ing in  those  counties.  (From  forty-ninth  registration  report,  1890,  page 
862.) 
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For  a  fall  digest  of  the  deaths  from  violence  reported  by  medical 
examiners  as  due  directly  or  indirectly  to  intemperance  in  1888, 
see  forty-seventh  registration  report,  Massachusetts,  1888,  pages 
399-405. 

Fully  two-thirds  of  the  deaths  credited  to  syphilis  are  those  of 
infants  under  one  year  of  age. 

The  Balance  of  MoBTALrrr. 

The  death-rate  of  Massachusetts  has  maintained  a  fairly  uniform 
course  throughout  the  forty  years  under  consideration,  comparing 
long  periods  of  time  with  each  other.  That  of  the  first  twenty-year 
period  was  19.49  and  that  of  the  second  19.51  per  1,000  of  the  living 
population.  This  uniformity  was  maintained  notwithstanding  the 
fact  that  one  of  the  chief  factors,  the  density  of  population,  had 
more  than  doubled  during  the  whole  period  of  forty  years.  When 
single  years  are  considered  the  variation  from  a  mean  of  about  19.5 
per  1,000  was  quite  apparent,  the  highest  death-rates  being  22.83 
and  22.85  per  1,000  in  1864  and  1872,  and  the  lowest  17  and  17.33 
in  1867  and  1859,  or  17.2  per  cent,  above  and  12.8  per  cent,  below 
the  mean  for  the  two  exti*emes. 

The  death-rate  is  composed  of  a  variety  of  different  factors ;  for 
example,  the  deaths  of  persons  of  different  sexes  and  ages  and  per- 
sons dying  from  different  causes.  While  the  death-rate  has  remained 
nearly  uniform,  the  factors  which  compose  it  have  varied  in  a  remark- 
able degree.  Certain  causes  of  death  or  general  groups  of  causes 
have  diminished  notably  in  their  incidence  upon  the  population, 
while  others  have  quite  as  notably  increased.  Infectious  diseases 
generally,  including  consumption,  have  diminished,  while  most  of 
the  so-called  local  diseases  (those  of  the  nervous,  respiratory,  circu- 
latory organs,  eto.)  have  increased,  and  the  result  has  been  a  balance 
or  a  maintenance  of  uniformity  in  the  general  death-rate. 

The  same  facts  have  been  observed  in  the  vital  statistics  of  other 
countries.  (See  the  Registrar-Generars  decennial  report,  England, 
part  1,  page  xxiii,  supplement  to  fifty-fifth  report,  also  the  paper  of 
Dr.  G.  B.  Longstaff,  entitled  *<  The  Decline  in  the  Death-rate. •*) 

What  the  outcome  of  these  changes  may  be  in  the  future  it  is  im- 
possible to  state.  Should  the  marked  decrease  in  the  death-rates 
from  consumption,  typhoid  fever,  scarlet-fever  and  other  infectious 
diseases  continue  for  a  series  of  years,  it  is  plain  that  this  decrease 
must  be  limited,  smee  they  can  only  fall  to  zero,  while,  on  the  other 
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hand,  those  causes  of  death  which  are  increasing  can  continue  to  rise 
indefinitely.  It  is  therefore  desirable  that  greater  attention  should 
be  paid  in  the  future  to  those  causes  of  death  which  cause  the  heaviest 
loss  of  life. 

The  changes  here  alluded  to  also  affect  the  death-rates  at  different 
ages,  since  the  diminishing  causes  of  death  (the  infectious  diseases) 
are  mainly  diseases  of  childhood  and  early  life,  while  the  increasing 
causes  are  chiefly  those  of  advancing  age,  and  the  general  effect 
would  be  the  prolonging  of  the  life  of  the  population. 

To  quote  again  the  words  of  Dr.  Longstaff:  <<The  gain  under 
phthisis  is  more  important  than  the  loss  under  cancer,  kidney  dis- 
eases, etc.,  since  the  lives  saved  are  more  valuable  than  those  which 
are  lost." 

The  following  table  may  be  termed  a  balance-sheet  of  mortality. 
It  presents  the  deaths  for  two  successive  ten-year  periods,  1875-84 
and  1885-94,  and  shows  quite  conclusively  that  while  the  difference 
in  the  death-rate  of  the  two  periods  was  comparatively  slight,  amount- 
ing to  only  0.2  per  1,000  living,  or  212  per  million,  the  factors  which 
contribute  to  the  death-rate  have  undergone  a  material  change. 

Column  1  presents  the  names  of  certain  diseases  and  groups  of 
diseases  or  causes  of  death ;  columns  2  and  3  present  the  numbers 
of  deaths  from  each  cause  or  group  of  causes  for  each  of  two  suc- 
cessive ten-year  periods ;  columns  4  and  5  give  the  annual  death- 
rate  per  million  of  the  population  from  each  cause ;  and  columns  6 
and  7  give  the  decrease  and  increase  in  the  death-rate  from  each 
cause,  comparing  the  two  periods. 


Table  66.  —  Balance  of  Mortality  (MassachuseUs).* 


VlUtJLBMa  AMD  QlOUPS  OF  DiSBASBS. 


Bmall-pox, 


Boarlet-ferer, 
I>iphth«rU  and  eroup, 
Whooping-oongh, 
Tjpbold  fever, 
Cbolerm  Infantom, 


Deaths. 


1875-S4. 


1885-M. 


S 
241 

1,569 

7.118 

22,9n 
2,704 
8,838 

10,702 


86 
3,100 
4,771 

16.248 
2,781 
8,806 

28,806 


AnuAL  Dbathi  pxb 
Million. 


1875-S4. 


IMO-M. 


4 
18 

M 

401 

1,206 
166 
408 

1,110 


4 
06 
217 
780 
126 
878 
1.012 


i 


6 

a 


I 

e 


-a 

a 
a 
a 
< 


184 
666 

80 

120 

28 


*  See  note  on  page  814. 
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Table  Q6^ Concluded, 


DI8BA8BS  AVD  QlOCrS  OF  DlSKAUt. 


Dkathb. 


187S-S4. 


1 

DyMDtery,  dUrrlMBa,  ohol«rm,  enteritU, 

gMtrltU. 
RheamatlMD, 

Drop«y 

Puerperal  fever  and  child -birth, 

Phthietfl, 

Berof  Dla,  hydrooephaloa  aod  Ubee  meeen- 

teriou 
Oaneer 

Brain  dlieaiei :  eepballtla,  apoplexy,  par- 

alyela.  Insanity,  dlaeaaee  or  brain,  etc. 
ConTiilalona 

Heart  dlieaiei, 

Dlaeaiee  of  langa, 

Kidney  dlieaiei, 

Hepatltli,   jaundice,   aicltee,   dleeaie   of 

liver. 
Developmental  dlieaiei,     .... 

Violence, 

All  ipeolfled  dlieaiei,         .... 

All  othere 

Total  deathe  from  all  eaueee,  ezolodlng 

•tlll-blrthi. 
Balance  of  Inereaie  and  deereaee, 


S 
15,741 

l,9(tt 

8,487 

S,1S7 

M,058 

11,657 

8,516 

90,6n 

6,419 

18,800 

36,998 

7,410 

8,569 

84,804 

14,212 


316,190 
29,608 


845,888 


S 
19,556 

2,269 

1,796 

2,584 

67,086 

1^280 

18,250 

46,896 

8,400 

88,442 

68,756 

18390 

4,848 

42.162 

18,184 


896,874 
36,951 


488,825 


AnCAL  DBATHa 
MiLUOM. 


187S-S4. 


4 
887 

107 

196 

177 

8,189 
657 
480 

1,719 
362 

1,059 

2,086 
418 
201 

l,08l 
801 


17,818 
1,678 


19,491 


lot 

88 
U7 

8,698 
740 
608 

2,087 


1,621 
2,671 


220 

1,917 

825 


i8,on 

1/ 


19,708 


i 

a 
a 


a 


81 

eC 
so 


4 

114 

60 


121 


16 


1«687 


1«687 


461 

s«r 

214 
19 

M 

T 


Nora.  — Allowance  muet  be  made  for  the  effect  of  medical  progreea  and  more  exaet  melhodiof 
dlagnoile  upon  any  lerlei  of  flffuree  covering  a  period  of  twenty  yeara.  The  feaeral  effaet  la  to  chasfi 
aa  well  as  Improve  ezlnlnff  lyitemi  of  nomenclature  and  elaaalfleatlon,  and  hence  to  disturb  the  rig- 
nlAeance  of  flgurei  repreeentlng  the  eauiei  of  death  daring  the  period  In  queation. 

For  example,  the  line  entitled  **  dropey  **  might  be  eraaed,  and  the  deaths  distributed  la  dae  proper* 
tioni,  chiefly  under  the  Utlee  **  heart  dUeaMS,**  •*  kidney  dlaeasea**  and  "dlaeasea  of  the  Itvtar,**  when 
they  undoubtedly  belong. 

Part  of  the  steady  deereaee  In  phthisis  may  possibly  be  doe  to  a  more  aoenrata  dlatrllmUoin  of  soch 
deaths  under  pneumonia,  developmental  dlseasee,  etc. 

The  general  reeult,  however,  showing  the  decrease  of  infeottoos  and  the  inereaaa  In  loeal  dissami 
ITould  not  be  very  greatly  affected  by  such  dlstribotlon. 


In  the  foregoing  table  the  sum  of  the  specific  death-rates  in 
columns  4  and  5  constitutes  the  mean  annual  death-rate  per  million 
from  all  causes  for  each  ten-year  period,  namely,  19,491  and 
19,703,  or  as  usually  read,  19.5  and  19.7  per  1,000  of  the  living 
population. 

When  reckoned  in  terms  of  the  total  mortality  the  result  is  the 
same.     In  the  twenty  years  1871-90  the  following  diseases,  measles, 
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scarlet-fever,  diphtheria  and  croup,  typhoid  fever  and  consumptioD, 
had  diminished  in  their  percentage  of  the  total  mortality  from  28.4 
to  19.7,  while  pneumonia,  apoplexy  and  paralysis,  diseases  of  the 
heart  and  kidneys,  had  increased  in  the  same  time  from  17  per  cent, 
of  the  total  moitality  to  26.3  per  cent. 

The  effect  of  this  upon  the  lifetime  of  the  population  is  best 
shown  by  a  quotation  from  a  life-table,  and  for  this  purpose  the 
following  condensed  table  for  English  males  is  given,  since  it  is 
not  practicable  to  present  a  similar  table  for  Massachusetts  with 
accuracy,  for  reasons  already  stated.  The  table  will  answer  fairly 
well  for  Massachusetts,  since  similar  changes  in  the  factors  compos- 
ing the  death-rate  are  taking  place  in  both  communities. 

For  the  sake  of  brevity  the  tables  for  males  only  are  quoted  and 
these  only  at  the  decennial  periods,  at  birth,  ten,  twenty,  thirty 
years,  etc. 

Table  67.  —  Mean  After  Lifetime,  or  Expectation  of  Life  (English  Males). 


EvoLiSH  Males. 

1889-54. 

1871-90. 

1881-00. 

1871-80. 

1881-00. 

0  yean,   . 

89.01 

41.86 

48.66 

00  years, 

18.68 

18.14 

12.88 

10  years,    . 

47.06 

47.00 

49.00 

70  years. 

8.46 

8.27 

8.04 

aOyMrs,   . 

89.48 

39.40 

40.27 

80  years. 

4.98 

4.79 

4.68 

80  years,    . 

82.76 

82.10 

32.62 

90  years, 

2.84 

2.00 

2.87 

40  years,   . 

26.00 

26.80 

26.42 

100  years, 

1.08 

1.61 

1.24 

60  years,   • 

10.64 

18.93 

1S.82 

These  figures  show  a  gain  in  all  ages  up  to  forty  (actually  to  forty- 
four),  comparing  the  table  for  1881-90  with  that  of  1871-80,  and 
a  loss  at  the  later  ages  of  life.  The  table  for  females  shows  sim- 
ilar changes,  except  that  the  gain  continues  up  to  age  forty-four, 
comparing  the  column  for  1881-90  with  each  of  the  preceding 
tables. 

The  figures  for  Massachusetts  present  similar  changes  with  those 
of  England,  so  far  as  can  be  learned  from  the  more  or  less  crude 
methods  which  must  necessarily  be  employed  in  estimating  the  mean 
after  lifetime  of  a  fluctuating  population. 

The  following  figures  are  introduced  for  the  two  twenty-year 
periods  under  consideration  in  this  summary  to  show  the  principal 
factors  which  have  contributed  to  these  changes  in  the  death-rates 
from  different  causes  during  these  periods  :  — 
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Table  68.  —  Deaih-rates  from  CeritUn  Causes  and  Oroups  of  Causes^  1856-95^ 

by  Five-year  Periods. 


Pbsiod. 


1866.60, 
1861-66, 
1866-70, 
18n-76, 
lUan. 


1876.80. 
1881-S6, 
1886-00, 
ltBl-06, 


Fall. 


I>Mth-rmtt 

Mrio^no 

from  Umm 
CaoMt. 


8mall*poz,  meaalM,  •earl«i- 
feTtr,  dlphtbttii*  uid  eroap, 
typhoid  t9T0Tt  ebol«n  lnftu»- 
tom,  oontamptloii,  whooping, 
ooogh,  dyMotery  and  oliild- 
hirth. 


8S.6 


SmalUpoz,  dbmmIm,  ■earl«t- 
fever,  diphtheria  and  croap, 
typhoid  rerer,  cholera  infan- 
tam,  ooneamptioD,  whooping. 
ooQgh,  dysentery  and  enUa* 


f  78.1 
66.1 
66.8 

i     60.6 


1 


I>eath-iale 

perlOjOOO 

mm  tbeee 


PDeamonia,  kidney 
dieeaeee,  heart  dla- 
eaeee,  brain  dfeeaiM 
andcanoer. 


Pneumonia,  kidney 
dieeaeee,  heart  die- 
eaeee, brain  diaeaeee 
and  caneer. 


''  S7.7 
84.7 
36.6 

L     44.9 


1 


S6.6 


46.8 

66.7 
62.S 
68.8 


58.6 


From  the  foregoing  it  appears  that  the  deaths  firom  the  infectioas 
group  diminished  from  81.7  (maximum  93)  to  50.5  in  the  forty 
years  y  comparing  the  first  five  years  with  the  last,  and  those  of  the 
other  group  of  certain  local  causes  and  cancer  had  risen  from  27.7 
to  68.8  per  10,000. 

The  mean  of  the  first  group  in  the  first  twenty  years  was  two  and 
one-third  times  as  great  as  that  of  the  second  group,  while  in  the  last 
twenty  years  the  two  means  were  nearly  equal,  60.4  and  59.6. 
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The  Returns  of  Medio al  Examiners. 

The  deaths  returned  by  the  medical  examiners  embrace  all  deaths 
of  a  violent,  sudden,  suspicious  or  doubtful  character  which  have 
been  referred  to  the  medical  examiners  for  investigation,  and  have 
been  reported  officially  by  them  to  the  Secretary  of  State. 

It  has  been  customary  to  divide  these  deaths  into  four  groups, 
deaths  by  homicide,  suicide,  accident  or  negligence,  and  such  deaths 
from  natural  causes  as  have  also  been  referred  to  the  medical  ex- 
aminer in  consequence  of  their  sudden  or  doubtful  character. 

In  a  considerable  portion  of  all  these  deaths  the  cause  has  been 
decided  or  confirmed  by  autopsies. 

The  law  under  which  such  deaths  are  now  investigated  was  enacted 
in  1877,  and  substituted  the  present  medical-examiner  system  in  place 
of  the  old  coroner's  inquest,  with  its  useless  adjunct,  the  coroner's 
jury.  From  that  time  until  1885  there  was  no  legal  enactment  re- 
quiring an  official  return  of  such  deaths  to  the  State  authorities,  but 
by  the  organization  of  the  Massachusetts  Medico-Legal  Society  a 
system  of  voluntary  reporting  was  at  once  established,  and  was  con- 
tinued without  interruption  until  1885,  when  a  law  was  enacted  re- 
quiring such  returns  in  all  cases. 

These  first  returns,  for  the  period  from  July  1,  1877,  to  Dec.  31, 
1884,  inclusive,  are  incomplete,  and  comprise  about  three-fourths  of 
the  deaths  of  this  class  which  were  investigated  during  that  period. 
From  Jan.  1,  1885,  onward  the  returns  are  complete,  and  comprise 
all  the  deaths  of  this  class.  Hence,  while  in  the  first  period  (1877- 
84)  the  ratio  of  deaths  of  each  class  to  the  whole  number  investigated 
may  be  considered  as  fairly  accurate,  the  comparison  with  the  living 
population  can  only  fairly  be  made  in  the  second  period  (1885-95). 

Table  69.  —  Deaths  investigated  by  Medical  Examiners, 
Voluntary  JUtumt,  Ineompkt$  {187 7^4)  • 


Ybabs. 

Homidde. 

Solelde. 

▲cddtnt 

or 
Nsfligenoe. 

NaUuml 
Cintoi 

TotaL 

Aatoptles. 

InqaesU. 

M77.* 

61 

71 

906 

102 

480 

116 

09 

1878,       

68 

02 

881 

828 

810 

106 

172 

1879.       

64 

122 

822 

802 

800 

182 

162 

1880 

104 

118 

416 

846 

077 

220 

197 

1881 

68 

112 

306 

888 

067 

170 

180 

1882, 

64 

117 

874 

886 

801 

180 

170 

1888. 

46- 

167 

671 

481 

1.106 

216 

226 

1884,       

46 

141 

460 

824 

070 

104 

204 

ToUl 

408 

026 

8.084 

2.661 

7.068 

1.600 

1,417 

•  Six  months. 
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Tablx  69  —  Concluded. 
Siotetory  Sthmu,  CompltU  (iagS-9S}. 


T.^ 

n.^ 

Solchti. 

H..IV«» 

S^! 

,«^ 

.^ 

« 

m 

«s 

ftU 

ToUl 

an 

a.w 

e-Mi 

T.IM 

..« 

v» 

By  the  foregoing  table  it  appears  that  during  the  years  in  which 
DO  official  returns  were  required  7,058  deaths  had  been  reported  to 
the  Medico-Legal  Society  as  having  been  investigated  by  the  medical 
examiners,  of  which  number  498,  or  7.1  per  oent.,  were  homicides, 
925,  or  13.1  per  cent.,  were  suicides,  and  3,084,  or  43.7  per  cent., 
were  deaths  from  accident  or  negligence.  In  the  second  period, 
when  returns  were  obligatory  and  presumably  complete,  the  whole 
number  of  deaths  investigated  was  20,036,  of  which  632,  or  3.1  per 
cent.,  were  homicides,  2,397,  or  12.0  per  cent.,  were  suicides,  and 
9,242,  or  46.1  per  cent.,  were  accidental  deaths. 

The  number  of  autopsies  returned  in  the  first  period  waa  1,500,  or 
21.3  per  cent,  of  the  whole  number  investigated.  In  the  second 
period  the  autopBies  were  2,505,  or  12.5  per  cent,  of  the  oumber 
investigated. 

In  the  first  period,  1,417  inquests  were  reported  as  having  been 
conducted,  or  20.1  per  cent,  of  the  whole  number.  The  number 
of  inquests  was  not  reported  in  the  second  period. 

The  foregoing  figures  have  but  little  significance  as  to  the  actual 
ratio  or  death-rate  from  these  forms  of  death  by  violence.  Compar- 
ing the  figures  in  the  second  period  with  the  living  popalatira  it 
appears  that  the  death-rate  from  homicide  in  the  eleven  yean 
1885-95  was  0.26  per  10,000  of  the  living  population,  a  alight  in- 
crease having  taken  place,  comparing  the  first  years  of  the  period 
with  the  last,  the  minimum  being  0.16  in  1890,  and  the  mazimnm 
0.32  in  1893.     From  suicide  *  the  death-rate  was  0.97  per  10,000 

*  For  farther  itaUlUo  apon  Ibe  (abject  ot  tulcidi,  lee  Mth  H 
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living,  the  minimum  being  0.78  in  1886,  and  the  maximum  1.21  in 
1893.  From  accident  the  death-rate  was  3.8  per  10,000,  the  mini- 
mum being  2.9  in  1885,  and  the  maximum  4.1  in  1892,  1893  and 
1895. 

With  reference  to  methods,  out  of  2,613  suicides  in  which  the 
method  selected  was  specified,  668  committed  suicide  by  hanging, 
463  by  drowning,  527  by  shooting,  300  by  knife-wounds  of  the  neck, 
and  655  by  poison,  the  chief  poisons  employed  being  the  different 
preparations  of  arsenic  and  of  opium. 

Previous  to  the  repeal  of  the  law  limiting  the  percentage  of  car- 
bonic oxide  in  illuminating  gas,  only  6  suicides  by  the  use  of  illum- 
inating gas  had  been  reported,  but  in  the  seven  years  following  the 
removal  of  this  restriction  62  by  this  method  were  reported  by  med- 
ical examiners. 

Out  of  9,022  deaths  by  accidental  means,  4,179  were  railroad  acci- 
dents, including  those  which  occurred  on  street  railways,  the  number 
of  which  has  considerably  increased  since  the  introduction  of  elec- 
tricity as  a  motive  power.  There  were  3,169  by  drowning,  1,456 
by  falls,  blows  and  falling  bodies,  and  218  by  poison. 

Accidental  deaths  by  inhaling  illuminating  gas  had  also  increased 
very  largely  since  the  introduction  of  water  gas.  *     ' 

Deaths  of  infants  by  overlaying  and  asphyxia  in  bed  have  also 
materially  increased,  from  64  in  the  five  years  1886-90  to  145  in  the 
five  years  1891-95.  These  were  nearly  all  infants  under  one  year 
old. 

Suicides. 

The  following  summary  of  suicidal  deaths  comprises  the  statistics 
of  the  forty-year  period  1856-95. 

The  whole  number  of  such  deaths  in  the  forty  years  was  5,445,  of 
which  4,271  were  males  and  1,174  were  females.  Of  this  number, 
1,919  occurred  in  the  first  period  and  3,526  in  the  second.  This  in- 
dicates a  slight  increase  in  the  death-rate  from  this  cause  from  0.71 
per  10,000  living  annually  in  the  first  period  to  0.87  in  the  second 
period. 

Sex.  — The  increase  in  men  was  greater  than  that  among  women, 
that  of  men  in  the  first  period  having  been  1.14  per  10,000  and  in 
the  second  1.42,  indicating  an  increase  of  25  per  cent.,  and  that  of 
women  increasing  from  0.32  to  0.35,  or  10.*4  per  cent. 

The  seasonal  intensity  of  the  mortality  from  suicide  is  indicated 
by  the  following  figures :  — 
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Suicides  by  Months. 


DMtha. 

DMth-rate 
redootd 

to  a  Mean 
of  100. 

Deatlia. 

Death-rate 
reduced 

to  a  Mean 
of  100. 

869 

80 

Jtay 

610 

110 

FebniAiy 

8tt 

77 

Aogtict,         .... 

487 

101 

Maroh, 

468 

100 

1  BapCMBber,   .... 

448 

99 

April 

678 

ISO 

1  Oetober,        .... 

482 

03 

May 

612 

111 

NoTtmber,    .... 

416 

OS 

June, 

6S1 

117 

Daoambar 

400 

80 

Ages. — The  following  are  the  figures  for  ages,  with  the  annual 
death-rate  per  10,000  living  at  each  age  :  — 


Aoia, 


10-16, 
U-OO, 
90-80, 
80-40, 
40-60, 


DwUha. 


Daatb-ratfl. 


17 

162 

904 

1,028 

1,064 


0.08 
0.26 
0.78 
1.07 
1.44 


Aou. 

60-60,     . 
60-70,     .       . 
70-80,     .       • 
80  and  OTtr,  . 


Daatfai. 


Daatb-ntB 


1.010 

2.00 

740 

2.84 

SOS 

2.46 

88 

1.78 

Deaths  by  Lightning. 

During  the  forty  years  1856-95,  149  deaths  were  registered  as 
having  been  caused  by  lightning.  No  deaths  were  registered  as 
from  lightning  in  1861,  1864  and  1891.  In  the  other  years  die 
deaths  from  this  cause  varied  from  1  to  10  in  each,  10  having  been 
reported  in  1892  and  9  in  1872. 

Sex.  —  Of  the  whole  number,  102,  or  68.5  per  cent.,  were  males 
and  47,  or  31.5  per  cent.,  were  females. 

Seasons.  — The  deaths  by  months  were  as  follows :  — 


January, 0 

February, 1 

March, 0 

April, 4 

May, 10 

June, 24 

July 63 


August,    . 
September, 
October,  . 
Novomber, 
December, 

Total, 


50 
6 
0 
0 
1 

"itf 


Eighty-five  per  cent,  of  the  whole  number  occurred  in  the  three 
summer  months. 
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Ages.  —  The  deaths  by  ages  were  as  follows :  — 


Under  5, 

5,  . 

10,  . 

16,  . 

20,  . 

80,  . 

40,  . 


4 
12 
13 
19 
34 
17 
17 


60,    . 
60,    . 
70,    .        . 
80,    . 
Unknown, 

Total, 


14 
9 
6 
4 
1 


149 


Vital  Statistics  op  Cities,  1894  and  1895. 

Id  Table  70  (page  826)  are  presented  the  most  important  items  of 
vital  statistics  in  the  cities  and  large  towns  having  more  than  10,000 
inhabitants  for  the  two  years  1894  and  1895.  Of  these  there  were 
89  in  1895,  having  a  total  population  of  1,719,680,  or  68.8  per  cent, 
of  the  population  of  the  State.  This  urban  population  may  be 
divided  into  four  groups,  as  follows :  — 

Fopalatton. 

Group    I.    One  city  having  a  population  of  more  than  100,000,     496,920 

Total 

Group  11.    Nine  cities  having  populations  of  more  than  60,000  ropntotion. 

and  less  than  100,000  in  each,  ....  687,471 
Group  in.    Ten  cities  having  more  than  26,000  and  less  than 

60,000  in  each, 808,466 

Group  lY.    Nineteen  cities  and  towns  having  more  than  10,000 

and  less  than  26,000  in  each,       ....  286^23 

In  nearly  every  particular  these  groups  are  found  to  bear  a  direct 
relation  to  the  density  of  population  in  the  different  groups. 
By  groups  the  principal  data  were  as  follows :  — 


Pkh  1/XK 

1. 

DlATH-SATU  PBB  10,000  F»OM  — 

1 

• 

a 

i 

a. 

• 

« 

p 

t 

1 

• 

• 

? 

a 
1 

a 

1 

1 

^1 

Diphtheria 
andCroa 

• 

1 

Cholera 
Infantui 

Group    I.,  . 

28.1 

81.2 

28.2 

81.6 

24.7 

8.1 

16.6 

0.6 

8.2 

10.0 

Group  II.,  .... 

18.9 

29.7 

19.5 

20.8 

17.1 

3.1+ 

6.2 

0.6 

2.9 

14.8 

Group  m.,  .... 

18.1 

29.0 

18.0 

20.1 

16.2 

2.4 

6.8 

0.5 

1.6 

9.6 

Group  TV,,  .... 

16.0 

27.8 

16.7 

19.1 

14.1 

8.8 

6.8 

0.8 

2.1 

8.9 
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The  cities  and  large  towns  having  the  highest  and  lowest  rates 
were  as  follows :  — 

Marriage-rates  {Persons  Married)^  1894-95. 

The  state  » 17.7. 


ChloopM, 
Bofton,  . 
Lawrenee, 
New  Bedford, 
Lowell,  . 


Lowest 


Wobam, 
Medford,       . 
Marlboroagh, 
Qolney, . 
Peebody.      . 


U.9 
1S.2 
13.1 
12.8 
12.8 


Birth-rates  per  1,000  Inhabitants,  1894-95. 

The  State  »  27.2. 


Holyoke,  . 
Chloopee,  . 
Bverett,  . 
Fltehborg, . 
North  Adame, 


Northampton, |  23.7 

Brockton 2S.9 

Newbnryport, 22.7 

Wey  month 22.0 

Beverly, 19.1 


Death-rates  per  IfiOO,  1894-95. 
The  State  ^  19.1. 


Boeton, 
Fall  River, 
LoweU,      . 
CheUea, 
Chloopee,  . 


15.0 
15.0 
15.0 
14.1 
U.I 


Natural  Growth. 

The  natural  growth  is  indicated  by  the  excess  of  the  birth-nite 
over  the  death-rate. 


Holyoke,    . 
Fltehbnrg, 
Bverett,      . 
Chloopee,  . 
North  Adame, 


21.6 
17.0 
17.1 
15.8 
15.7 


Tannton,  . 
Gloaeeater, 
Weymonth, 
Newbnryport, 
Beverly,    . 


ft.7 

u 
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Infantile  Dealh-raies,  Percentage  of  Births^  1894-95, 

The  State  — 16.0. 


Fall  River, 
Ghioopee,  . 


Highest. 


Lowell,      • .     •        •        •       <        • 


New  Bedford, 
Lawrence, . 


26.7 
21.5 
20.5 
10.6 
10.4 


Brookline, 
Glooceeter, 
Weetfleld, 
Peabody, . 
Ifalden,    . 


Lowest. 


10.0 
10.7 
10.5 

10.4+ 
10.4 


Death-raU  from  Consumption  per  10,000  Inhabitants,  1894-95. 

The  State  ==  22.1. 


Boeton, 

Cheleea, 

Weymooth, 

Marlboroagh, 

Cambridge, 


Salem, 
Newton,    . 
North  Adame, 
Fltohbnrg, 
Weatfleld. 


15.1 
14.9 
14.6 
13.0 
11.3 


Death-rate  from  Pneumonia,  1894-95* 
The  State  x=  17.7. 


Boeton, 

Haverhill, 

Ohleopee, 

Lawrence, 

Worcester, 


Brookllne, 
Qalney,  . 
Fltehborg, 
PltUfleld, . 
Ifelroee,    . 


10.5 

10.4 

10.0 

0.0 

8.2 


Deaih-raU  from  Typhoid  Fever,  1894-95. 

The  State  =  2.9. 


North  Adame, 
Lowell,      . 
Wobnm,    . 
Newbaryport, 
Clinton, 


11.4 
5.0 
5.0 
4.8 
4.4 


Northampton, 
Hyde  Park, 
Cheleea,    . 
Brookllne, 
Glonceeter, 


1.8 
1.7 
1.6 
1.3 
1.8 
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Deatk-rate  from  D^hiheria  and  Croup,  1894-95. 

The  State  »  7.2. 


Hlfhett. 


Boston, 
TaoDtoD,   . 

Qainey, 
Cambridge, 


16.H- 

16.0 

U.4 

11.8 

10.8 


HmTerhlU, 

Marlborough, 

Fltohbnrg, 

Northampton, 

Nawbaryport, 


2.8 
2.T 
S.6 
2.1 
1.4 


Four  cities  having  the  highest  death-rates  from  diphtheria  and 
croup  were  in  the  metropolitan  district. 

DtcUh-raU  fixmi  Measles,  1894-95, 
The  State  — 0.4. 


HiffbMt 


Holyoke,  . 
Springfield, 
Northampton, 


8.1 
2.1 
l.T 


Chloopaa, . 
FaU  lUTor. 


1.1 
0.8 


The  4  cities  having  the  highest  death-rate  from  measles  were  in 
close  communication  on  one  line  of  railway  in  the  Connecticut  valley, 
and  there  were  17  cities  and  large  towns,  containing  over  250,000 
inhabitants,  in  which  no  deaths  from  this  cause  were  registered  in 
1894  and  1895.  There  were  also  7  other  cities  in  which  only  one 
death  from  measles  occurred  in  each. 


Death-rale  from  Scarlet-frver,  1894^95. 
The  state  =  2.3. 


Wobnm,  . 
Somerville, 
Cambridge, 
Medford,  . 
North  Adami. 


Highest 


18.1 
7.8 
7.0 
4.2 
8.4 


Peabody,  . 
Fltehbarg, 
Holyoke,  . 
Beverly,  . 
CUntoo,     . 


LoveiL 


0.4 
0.1 
0.0 
0.0 


In  one  city  and  one  town. there  were  no  deaths  fix>m  scarlet-feyer. 
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Dcaih-r(Ue  from  Cholera  Infantum^  1894-95. 

The  SUte  =  10.2. 


Lowell, 
Chlcopee, 
Fall  River, 
Lawrence, 
Holyoke, 


Hlghett. 


26.2 
25.0 
24.4 
19.0 
15.8 


Lowest. 


Haverhill, 
Beverly,    • 
Medford,  . 
Waltham, . 
Weymoath, 


5.5 
5.1 
4.5 
4.4 
S.6 


The  first  five  are  roanufacturiDg  cities. 

The  cities  and  towns  which  had  the  highest  and  lowest  combined 
death-rate  from  these  seyen  infectious  diseases  were  as  follows,  in 
the  order  named  :  — 

Combined  DecUh-rcUes  from  Specified  Diseases,  1894-95, 

The  State  =  62.9. 


UHrheet. 


Boatoo, 
Chleopee,  . 
Lowell,      . 
Fall  River, 
Cambridge, 


80.5 
77.2 
76.1 
78.2 
71.8 


Northampton, 
Medford.  . 
Fltchbarg, 
Ifelroee,    . 
Brooklloo, 


Lowest. 


48.5 
43.2 
41.8 
41.8 
40.8 


The  following  table  contains  the  principal  vital  statistics  of  the 
cities  and  large  towns  having  over  10,000  inhabitants  in  each  for 
the  two  years  1894  and  1895  :  — 
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STATISTICAL  SUMMARIES  OF  DISEASE  AND  MORTALITY. 


The  statistical  information  received  by  the  Board  daring  each  year, 
either  through  the  medium  of  voluntary  returns  or  in  consequence 
of  legal  requirements,  has,  in  the  last  two  reports  of  the  Board,  been 
presented  under  four  different  heads  or  groups,  which  were  sum- 
marized and  defined  in  the  last  report  as  follows  :  — 

1.  The  Weekly  Mortality  Returns. — These  consist  of  the  reports  of 
deaths,  which  are  made  up  weekly  and  are  sent  to  the  office  of  the  State 
Board  by  the  registration  officials  of  cities  and  towns.  They  are  voluntary, 
and  serve  principally  to  show  the  seasonal  prevalence  of  each  of  the  chief 
infectious  diseases,  and  the  mortality  of  children  under  five  years  old  in 
weekly  periods.  This  series  of  statistics  has  been  continued  by  the  Board 
for  at  least  twenty  years,  and  has  been  published  as  a  summary  for  fourteen 
years. 

2.  The  Reports  of  Certain  Infectious  Diseases^  —  Diphtheria  and  Croupy 
Scarlet-fever^  Typhoid  Fever  and  Measles.  —  These  are  obtained  from  the 
annual  reports  of  local  boards  of  health  for  the  year  1896,  which  are  for- 
warded to  the  State  Board  from  cities  and  towns.  By  comparing  the  num- 
bers of  reported  cases  with  the  reported  deaths,  the  mean  fatality  of  each 
disease  in  the  places  from  which  the  reports  are  made  is  obtained  with  a 
reasonable  degree  of  accuracy. 

3.  Reports  of  Cities  and  Toums^  made  under  the  Provisions  of  Chapter 
302  of  the  Acts  of  1893.  —  By  this  act  each  local  board  of  health  is  required 
to  report  to  the  State  Board  every  case  of  ^^  disease  dangerous  to  the  pub- 
lic health  "  which  is  reported  to  the  local  board.  A  digest  of  these  reports 
is  presented  in  summary  No.  III. 

4.  Reports  made  under  the  Provisions  of  Chapter  218  of  the  Acts  of 
1894.  —  The  full  reports  of  deaths  occurring  in  each  city  and  town  having 
over  5,000  inhabitants  comprise  another  series  of  returns,  which  are  sum- 
marized in  No.  IV.  These  reports  are  made  under  the  requirements  of  the 
following  statute :  — 

[Acts  of  1894,  Chaptbb  218,  Sbotioic  8.] 

^^  In  each  city  and  town  having  a  population  of  more  than  five  thousand 
inhabitants,  as  determined  by  the  last  census,  at  least  one  member  of  said 
board  shall  be  a  physician,  and  the  board  shall  send  an  annual  report  of 
the  deaths  in  such  town  to  the  State  Board  of  Health.  The  form  of  such 
reports  shall  be  prescribed  and  furnished  by  the  State  Board  of  Health." 
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SUMMARY   OF   THE   WEEKLY   MOETALIT 
CITIES  AND  TOWNS. 

The  followJDg  sammary  comprisea  the  reton 
the  end  of  each  week  hy  the  town  clerka,  citj 
officials  having  in  charge  the  vital  atatistics  of  < 

These  returns  are  compiled  each  week  and  pi 
one  copy  of  which  is  sent  to  the  registering  ol 
town  in  the  State.  These  reports  are  Decessa: 
they  are  voluntary,  and  comprise  the  mortality 
the  population  only,  the  reporting  places  being 
larger  towns.  The  value  of  the  weekly  morb 
very  largely  in  the  fact  that  they  constitute  a  ( 
the  prevalence  of  the  principal  infectious  disi 
State,  so  far  as  can  be  learned  from  the  mortal: 

In  coDoectioD  with  the  results  of  the  infon 
consequence  of  the  enactment  of  chapter  302 
these  weekly  mortality  reports  furnish  to  the 
index  of  the  health  of  the  people,  as  influenc 
of  epidemic  diseases  at  different  seasons  of  the 
population  of  the  cities  and  towns  contributi: 
1896  was  about  1,486,000,  or  about  three-fif 
lation. 
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The  data  embraced  in  this  summary  are  the  following :  — 

Average  height  of  barometer  for  each  week. 

Mean  maximum  temperature. 

Meau  minimum  temperature. 

Eainfall  expressed  in  inches. 

Total  deaths  reported  for  each  week. 

Deaths  of  children  under  five  years. 

Deaths  from  infectious  diseases. 

Deaths  from  consumption. 

Deaths  from  acute  lung  diseases. 

Deaths  from  typhoid  fever. 

Deaths  from  diarrhceal  diseases. 

Deaths  from  scarlet-fever. 

Deaths  from  measles. 

Deaths  from  diphtheria  and  croup. 

Deaths  from  puerperal  fever. 

Deaths  from  whooping-cough. 

Deaths  from  malarial  fever. 

Deaths  from  small-pox. 

Deaths  from  erysipelas. 

In  consequence  of  the  unusual  amount  of  space  devoted  to  the 
vital  statistics  of  the  State  in  this  report,  the  usual  summary  of  the 
facts  contained  in  the  following  table  will  be  omitted  this  year, 
but  will  be  presented,  together  with  that  of  other  years,  as  a  general 
summary  in  a  succeeding  volume. 

The  following  table  contains  a  summary  of  the  statistics  compiled 
from  these  weekly  returns  of  mortality :  — 
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FATALITY  (RATIO  OF  DEATHS  TO  CASE 
INFECTIOUS  DISEASES  IN 

The  statistics  preseoted  io  the  following  tab 
the  published  reports  of  IocaI  boards  of  bealt 
which  have  been  forwarded  to  the  office  of  the  S 
They  are  the  figares  represeotiog  the  oambers 
local  boards  of  health  under  the  provisioaa  of  s 
80,  Public  Statutes. 

The  Dutubers  of  deaths  are  also  obtained  fro 
and  the  comparisou  of  thette  two  series  of  figu 
accurate  method  of  arriving  at  the  fatality  from 
places  from  which  they  are  reported.  The  figi 
numbers  of  cases  are  probably  less  than  the  a 
some  cases  must  necessarily  escape  registratioi 
report  or  in  consequence  of  faulty  diagnosis. 


CaM»  of  Ittfeetiotu  Diteases  and  Dentht  reported 
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Casts  of  Infectious  Diseases,  etc.  —  Continued. 


CiTT  oi  Tomi. 


Cbicopbb,    .... 

Clinton 

Concord,*     .... 
Cottage  City, 

Danveri 

I>edbam,       .... 
EMlhampton,       .       . 
East  Bridge  water, 

Etkbctt 

Fall  Ritbr, 

FlTCHBUBO,  .... 
Framlngbaro,  f  .  .  . 
Franklin,  .... 
Gardner,  .... 
Gloucester, 
Hatbbhxll,  . 

null, 

I|>swloh,        .... 

Lee 

Leleeater 

Leomlntter,  .... 
Lexington,    .... 

Lincoln 

Lowell,       .... 

Ltnh, 

Maldex 

Mancheiler,  .... 
Mablbobougb,  I 
Medfleld,  .  .  .  . 
Medtobd,  .... 
Melroea,  .  .  .  . 
Mllford,  .  .  .  . 
Millbnry,       .       .        .        . 

Nabant 

Natlck, 


DiPHTHKKIA 
AMD  CKOCP. 

BCAKLBT- 
FkVBK. 

frPHOID 
KXVBS. 

Mkaslks. 

Gates. 

Deatbs. 

Cases. 

Deatbs. 

Cases. 

Deatbs. 

Cases. 

I>eatbs. 

92 

26 

86 

4 

- 

- 

- 

- 

16 

- 

84 

2 

17 

- 

11 

- 

4 

- 

8 

- 

7 

1 

- 

- 

7 

- 

- 

8 

- 

1 

- 

9 

2 

17 

- 

6 

- 

31 

- 

16 

8 

4 

- 

10 

2 

16 

- 

- 

8 

- 

- 

- 

- 

- 

- 

- 

12 

1 

- 

- 

- 

- 

00 

7 

9 

- 

26 

6 

241 

4 

130 

71 

208 

20 

96 

26 

- 

- 

42 

18 

49 

2 

29 

4 

86 

- 

22 

8 

18 

- 

11 

- 

14 

- 

0 

- 

4 

- 

8 

- 

1 

- 

11 

2 

8 

8 

12 

6 

- 

- 

76 

18 

186 

6 

43 

9 

- 

- 

76 

18 

47 

4 

121 

18 

02 

- 

2 

- 

1 

- 

- 

- 

1 

- 

64 

8 

6 

- 

24 

8 

- 

• 

1 

1 

6 

- 

6 

- 

- 

- 

16 

- 

18 

- 

7 

- 

1 

- 

21 

0 

188 

1 

9 

- 

6 

- 

6 

- 

4 

- 

6 

1 

24 

- 

1 

- 

- 

- 

9 

2 

- 

- 

110 

47 

76 

1 

178 

86 

346 

8 

426 

62 

227 

4 

99 

27 

- 

- 

92 

7 

42 

4 

74 

6 

46 

1 

7 

- 

11 

- 

- 

- 

- 

- 

20 

4 

12 

- 

18 

1 

96 

1 

0 

- 

4 

- 

8 

- 

6 

- 

109 

11 

82 

- 

28 

8 

217 

1 

19 

8 

25 

1 

9 

2 

22 

- 

60 

4 

10 

1 

6 

1 

- 

- 

9 

1 

11 

1 

8 

- 

14 

- 

1 

1 

1 

- 

- 

- 

- 

- 

18 

1 

14 

- 

4 

2 

8 

- 

*  Cerebro-splnal  meningitis,  1  death.  f  Cerebro-splnal  menlngltlf ,  8  deatbi. 

X  Cerebro-splnal  menlogltU,  2  deaths;  1  eaae  of  amall-poz. 
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1,SU      3,ni        M 


C*nbro-«pliwl 

I  'WhooplQi-aoo 


No.  34.] 


STATISTICAL  SUMMARIES. 


841 


The  cities  and  towns  embraced  in  the  foregoing  table  are  78  in 
number,  or  6  less  than  those  presented  in  the  previous  year.  They 
comprise  at  least  three-fourths  of  the  population  of  the  State. 

The  reported  cases  from  diphtheria  and  croup  were  in  excess  of 
those  of  any  of  the  previous  years  embraced  in  the  report,  but  the 
actual  number  of  deaths  was  less  than  that  of  either  of  the  two  pre- 
ceding years  and  the  fatality  was  also  less,  being  only  15.1.  Com- 
ment upon  these  figures  will  be  found  elsewhere. 

The  reported  cases  of  scarlet-fever  were  much  less  than  those  re- 
ported in  1895,  and  the  fatality  (5.7  per  cent.)  was  less. 

The  reported  cases  of  typhoid  fever  were  greater  than  those  of 
1895,  and  the  fatality  (15.6)  was  less  than  that  recorded  in  any  pre- 
vious year. 

The  reported  cases  of  measles  were  in  greater  number  than  those 
of  any  previous  year,  but  the  fatality  (0.9)  was  less. 

The  figures  for  189(5  are  as  follows :  — 

Reported  cases  of  diphtheria  and  croup, 8,915 

Registered  deaths  from  diphtheria  and  croup  in  the  same  cities  and  towns,     1,348 
Fatality  (per  cent), 16.1 

Reported  cases  of  scarlet-fever, 8,878 

Registered  deaths  from  scarlet-fever  in  the  same  cities  and  towns,    .        .        220 
Fatality  (per  cent.), 6.7 

Reported  cases  of  typhoid  fever, 3,016 

Registered  deaths  from  typhoid  fever  in  the  same  cities  and  towns,  .        .        471 
Fatality  (percent.), 16.6 

Reported  cases  of  measles, 6,861 

Registered  deaths  from  measles  in  the  same  cities  and  towns,    ...  66 

Fatality  (percent.), 0.9 

The  following  table  presents  the  summary  of  these  statistics  for 
the  five  years  1891-1896  :  — 

Reported  Cases  of  Infectious  Diseases  in  Massachusetts. 

Diphtheria  and  Croup, 

[Pr«-AiitltozlD  P«riod.] 


IMl. 


Total. 


Reported 
Deaths,  . 

Faulity  (percent.), 


2,444 

675 

28.5 


8,038 

891 

29.2 


2,919 

92« 

81.7 


4,988 
1,876 
27.9 


18,882 

8,768 

28.8 
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BtporUd  Cases  of  InJietiou4  Diteaae*  in  Matiatihv 
D^ktheria  and  Onup. 


[AMlbaUiPMM. 

R        1,1 .11  iMM 

DMbL 

PiMltTf     ro-1) 

ScarUt-fevtr. 

IWl. 

.^. .... 

B»P««-««— 

D-u-. 

1*1 

<,111       T.4» 

ni       an 

2VpAoWfe«r. 

■  HI. 

.-. 

.-. 

MS 

D-U* 

TU>nt7(p«<»t.) 

MS 

JftMlM. 

■  Ml. 

.».. 

■«.. 

H^— 

.,». 

in 

M 

... 

F-uJur  (p.t  «Mii.) 

_!!_ 

... 

For  the  purpose  of  convenieace  in  future  ref<! 
ing  to  diphtheria  and  croup  is  here  divided  iol 
may  properly  be  called  the  pre-antitoxin  aod  I 
aince  antitoxiu  came  into  use  ia  the  State  abo 
the  year  1895. 

In  order  to  compare  the  foregoiug  figures  ^ 
couDtry  in  which  «'yfttem«\.\c  TikOttdcatiou  has  t 
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period  of  several  years  successively,  the  following  figures  for  Eng- 
land are  also  presented,  as  given  in  the  annual  reports  of  the  Local 
Government  Board :  — 

England, 

[Local  Oovemment  Bo«rd  flgarM.] 


DiPimuaiA. 

Cboup. 

Total. 

t 

Cases. 

Daatht. 

CaMt. 

Daatht. 

c„«. 

I>tatht. 

1  Par  Cant. 

1 

1800,       

1801,       

1802,       

1808,       

1804, 

1806,       

18,077 
20,712 
17,681 
18,700 

8,in 

4,761 
4,286 
4,226 

1,160 
1,486 
1,266 
1,268 

401 
686 

486 
640 

2,068 
11,010 
16,146 
22,148 
18,887 
10,068 

768 
2,820 
8,678 
6,486 
4,722 
4,766 

'      26.6 
28.7 
28.6 
24.6 
26.1 
28.0 

ToUl 

70,070 

16,880 

6,124 

2,112 

00,066 

22,088 

- 

Mean  fatality  (p«r  cant.),   • 

28.1 

41.2 

24.8 

24.3 

The  following  figures  present  the  fatality  from  diphtheria  and 
croup,  scarlet-fever  and  typhoid  fever  in  England,  as  reported  by 
the  Local  Government  Board  of  England  for  the  years  1890-95  :  — 


1S90. 

1S01. 

ISM. 

1S0S. 

ISM. 

26.6 

28.7 

23.6 

24.6 

26.1 

8.0 

6.8 

4.4 

4.2 

4.8 

10.0 

20.8 

17.8 

17.0 

17.8 

1S09. 


Dlphtlieria  and  eronp,  . 
SearleUfaTar, 
Typhoid  favar. 


28.0 

4.2 

16.9 
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m. 

Official  Jtetums  of  Notified  Diseases  Dangi 
Health,  1896. 

The  following  summaiy  embraces  the  returns 
otts  to  public  health,"  made  to  the  State  Board 
proviaions  of  chapter  302  of  the  Acts  of  189; 
question  did  not  specify  the  diseases  intended  i 
Board  (except  small-pox),  the  Board  issued  a 
expressed  its  opinion  as  to  the  particular  disea 
reported  under  the  provisions  of  this  act.  Thei 
smallpox,  scarlel-fever,  measles,  typhoid  feve 
branous  croup,  cholera,  yellow  fever,  typhus 
meningitis,  hydi-ophobia,  malignant  pustule,  Iq 

The  report  of  1893  embraced  the  returns  o 
only  which  immediately  followed  the  enactment 
those  of  1894  and  1895  were  each  for  a  full  yec 

The  whole  number  of  cases  of  infections  disef 
was  21,320,  which  were  divided  as  follows:  — 

Reported  cases  of  small-pox 

Reported  cases  of  diphiheria  and  croup, 
Report«d  cases  of  scarlet-fever,       .... 

Reported  cases  of  typhoid  fever 

Reported  cases  of  measles 

Total 

The  summary  for  the  years  1893,  1894,  189 
Iowa :  — 


K.».„, 

Sm.l1.pox. 

Sf^ 

"^ 

1S«3  {/onr  monllii  onlj) 

1<1 

T,»OS 

1 

i, 

Toul 

m 

ii,«ae 

1! 
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Seaeonal  DtBtrilmtum By  months  these  diaeases  were  reported 

ss  follows  in  1896  :  — 

Caaa  of  InJeUioui  IHatatei  reported  to  lAe  Board  by  Months  during  189S. 


^ 

ii 

, 

1 

1 

1 

1 

1 

i 

1 

JUQ.TT.    .           .          . 

SM 

«0T 

lU 

3M 

AngiiM,  .       .        . 

»33 

1>« 

tti 

m 

IM 

B16 

M 

<n 

8.pl«iib.i,     .        . 

at 

IM 

w* 

Krr 

llM«lh.         . 

U6 

BID 

12 

V* 

OgtnbH,  .       .        . 

1,M1 

130 

m 

us 

April.       . 

bog 

334 

U 

m 

HOTMnbtr,      .       . 

9ID 

m 

H« 

M 

lUjr..      . 

an 

SS3 

lOB 

WW 

Tot.1.       .        . 

dl 

«a 

HZ 

1.0T! 

J«M.            . 

8,SI» 

B.M1 

i,mi 

tjm 

J.IJ,             . 

m 

108 

136 

4T9 

tn  order  that  the  foregoing  figures  may  be  interpreted  with  greater 
facility  the  following  table  ia  appended :  — 

Iniensili/  of  Prevatettee. 


CtOBT. 

T,rH<.,r,  K.v.,,    1          M.«L„. 

IBM. 

IHS. 

lua. 

IMS. 

lllltS.         IISBS.    1         IIH. 

IMH. 

A    1     B 

B 

A 

- 

B 

A 

B           B 

'1- 

B 

Juiur;, 
y.b™«T,      .      . 

Sfarch,    .       .       . 
iprtl.      .       .       . 
lUj,        .       .       . 
Jatu.       .       .       . 
J»lj.       .       .       . 
A-rul.  .       .       . 

OclobBr. . 

31. » 

aa.3 

Z0.8 

i«.a 

if.a 

31, • 

11.3 

T.3 
11.1 

T.l 

1.3 

>.« 

B.3 

1!1 

10.> 

10.1 

(I.T 
«.1 
4.3 

ID.i 
lO.I 

e.4 
a.i 

13.1 

13.3 

1.0 

B.O 
3.8 
3. 3 

11.3 

3.a 

3.1 
S.t 

4.S 

».• 

11.3 

4.4 

*.i 

3.0 

IB.t 
3T.a 
13.0 

31. 4 

11. s 

i4.r 

w.l 

S.I 

11.1 

3.4 

3.4 

ie.t 

13.0 
I.S 

13.8 

9.S 
19.* 

13 .» 
1.8 
1.1 

U«D,        .         . 

W.S 

10.0 

J!l 

10.4 

10.0 

10.0 

T.a 

lO.O 

lo.o 

11.4 

10.0 

10.0 

The  figures  in  the  foregoing  table  are  introduced  for  the  purpose, 
not  of  comparing  the  prevalence  of  one  disease  with  another,  but  for 
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the  purpose  of  preBenting  the  reports  of  each  a 
twsis  of'  compariaoD,  mooth  by  month,  so  that 
of  each  disease  la  sbowD  for  each  mooth.  The 
advantage  of  eliminating  the  apparent  errors  of 
from  the  oneqaal  length  of  the  months. 

The  flgarei  ma;  be  read  aa  follom :  for  example 
her  of  reported  caaea  of  diphtheria  and  croup  in  Jai 
of  Bcarlet-fever,  13.1 ;  of  typhoid  fever,  4.S;  and 
oolomna  marked  A)  ;  aod  the  mpan  dftU;  number  ot 
the  whole  year  1896  was,  respectively,  23.3,  10.4,  'i 
iug  a  standard  of  10  aa  the  daily  mean  of  each  di 
ratioa  for  January  were  as  followa :  dipbtiieria  am 
fever,  12.6;  typhoid  fever,  6.4;  and  measles,  6.4 
B).  That  is  to  say,  for  each  10  reported  cases  o 
ocoorriDg  throughout  the  year,  aa  a  daily  mean,  ti 
January,  11.3  in  February,  etc. 

The  following  table  presents  the  nnmbers  of 
reported  from  each  city  and  town  in  1896.  1 
reporting  cities  and  towns  is  less  than  that  of  tl 

Where  the  name  of  a  city  or  town  occars  bol 
in  Section  III.  of  this  sammary,  the  difiereoc 
taken  ae  the  deficiency  in  retarns  made  by  t 
State  Board  of  Health. 


drtd  and  FoHy-fmr  OitUt  and  Towtu  dur 

1 

1 

1 

A<Um 

H 

• 

1 

AUKbur;, 

M 

u 

4 

I     Bmk,       . 

ADbanl. . 

1 

1 

M     B*d(Oid,  . 

ArHogtoD, 

1  !         4 

1  j        U 

>     Barlla,      . 

ABi™™,    . 

1 

-     BmmLT, 
1     Bollon.      . 
>     BotTOH,   . 

Aytr,       . 

a' 
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Case$  of  Infectious  Diseases,  etc.  —  Continued. 


• 

t 

5 

i 

• 

1 

1 

• 

3 

39 

4 

1 

• 
• 

i 

£ 

o 

« 

1 

Brmlntree, 

- 

1 

- 

- 

HaU, 

- 

1 

- 

7 

BrldgewAtcr,   . 

1 

28 

2 

- 

Hantlngton,     • 

1 

- 

- 

- 

Bbocxton, 

92 

42 

90 

84 

Hyde  Park,      .       . 

2 

- 

- 

- 

Brookline, 

14 

28 

1 

46 

Ipawlch,  . 

29 

- 

1 

8 

Caxbridgb,    . 

452 

178 

266 

218 

Kingston, 

- 

19 

- 

2 

Ohelmiford,     • 

1 

7 

- 

109 

Lawbbnob,     . 

87 

46 

41 

11 

Chklska, 

87 

87 

4 

29 

Leieeeter, 

- 

- 

- 

8 

CllotOD,     • 

3 

28 

2 

104 

Leominster,     • 

4 

25 

2 

115 

Concord,  . 

8 

8 

- 

8 

Leverett,  . 

- 

1 

- 

- 

Cottage  City,  . 

2 

- 

1 

1 

Lexington, 

- 

- 

- 

7 

Danven,  . 

11 

15 

- 

10 

Lincoln,   . 

1 

1 

- 

- 

Dedhain,  . 

16 

10 

4 

19 

LOWBLL,  . 

106 

27 

137 

107 

Dadley,    . 

1 

- 

- 

- 

Ltmn, 

879 

188 

101 

225 

Dnzbnry, 

- 

4 

- 

18 

Maldbn,  . 

94 

45 

85 

49 

- 

6 

- 

- 

Manchester,     . 

- 

4 

- 

- 

BmI  Bridgewater,  . 

- 

4 

- 

- 

Marblehead,    . 

- 

- 

- 

82 

Etibstt, 

09 

0 

28 

210 

Mablbobouob, 

10 

8 

8 

50 

Fall  Ritxb,  . 

122 

185 

88 

187  1 

liarshfleld,      .       . 

1 

5 

- 

88 

Falmoath, 

- 

- 

- 

8 

Medfleld, .       .       . 

- 

6 

- 

20 

FiTCHRDBe,      . 

42 

54 

81 

86 

Mbdfobd, 

50 

14 

7 

185 

FoxboroQgh,    . 

- 

4 

2 

2 

Merrimae, 

1 

26 

- 

- 

Franklin, . 

1 

6 

- 

- 

Middleborongh, 

2 

- 

- 

10 

GUI,  .       .       .       . 

- 

- 

- 

46 

Middleton,       .       . 

8 

8 

- 

1 

OLOUCSaTEB,  . 

08 

127 

42 

- 

Uiiford,   •       .       . 

18 

4 

- 

8 

Grafton,  . 

- 

1 

- 

- 

MiUbnry, . 

2 

12 

1 

10 

Great  Barrington,  . 

- 

1 

- 

- 

Milton,     . 

16 

90 

- 

60 

Groreland, 

18 

1 

1 

MonsoD,   . 

1 

4 

- 

12 

Hadley,    . 

4 

- 

12 

Needham, 

9 

8 

- 

1 

Hardwlek, 

3 

- 

- 

Nbw  Bbdpobd, 

68 

78 

74 

15 

Hlngham, 

26 

1 

- 

4 

Nbwbubtpobt,      . 

38 

7 

4 

97 

Hinsdale, . 

10 

- 

- 

Nbwton,  . 

IfiO 

88 

61 

191 

Haybbhill,    . 

89 

44 

106 

49 

NOBTH  AOAMS, 

24 

18 

2 

2 

HoUiaton, . 

- 

- 

- 

NOBTHAXPTON, 

46 

10 

17 

- 

Hopklnton, 

- 

- 

- 

North  Andorer,      . 

4 

8 

2 

5 

Hadaon,   . 

2 

44 

2 

7 

NorthboroQgb, 

8 

8 

- 

- 
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Con 

1 

{ 

! 

1 

1 

Hantbirldt*.    .       . 

I 

1 

.   IBhiim,. 

north  BrMtfl*ld.   . 

1 

Horwood,         .       . 

9 

u 

* 

TAmiTOii, 

PllDir.     . 

I 

t 

1 

T«pM0d, 

P-fcodj.. 

a 

11 

1 

- 

P«.p«ll. 

11 

I 

- 

a 

Truro.      . 

1 

- 

- 

U|««.      . 

PlTBOMh. 

> 

It 

" 

UibUdto. 

M 

9 

1 

Walthaji, 

QltlMCT,     . 

lOS 

U 

u 

u 

Win.       . 

Rudolph. 

a 

t 

- 

- 

WuohUB, 

BMdim. . 

1 

4 

- 

J 

Whtod.  . 

Roakpon, 

s 

1 

- 

- 

WUntowD, 

BowlaT,    . 

1 

t 

1 

» 

WlbMor,  . 

1 

■ 

Saum.      . 

tn 

110 

M 

WHt  BraokA* 

a. 

6 

WMflald, 

karit.    . 

ID 

B 

- 

WMIord, 

Betlnata,  . 

- 

4 

1 

» 

WtMOD.     . 

BHkoak,  . 

1 

3 

- 

- 

WirmoDth, 

ShUDB,       . 

a 

- 

- 

- 

WhUmaa, 

2 

Bhlrlor,    . 

t 

- 

BoiurMt, 

I 

- 

1 

- 

WInlhrop. 

Bohirtiij:!, 

N3 

141 

M 

WMlWOOd, 

1 

- 

1 

Wo»u«i., 

BpBiHsrnui, 

10 

u 

K 

SUrllac.   . 

1 

. 

- 

Wnnihun, 

1 

I 

ToUb. 

8tow.        . 

' 

- 

- 

The  following  list  comprises  the  cities  aDd  t 
report  (under  the  provisions  of  the  statute)  to 
Health.  It  is  but  just  to  state  that  in  many  of 
group  IV.  and  in  sorae  of  those  in  group  III. 
that  no  cases  of  infectious  disease  occurred. 
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List  of  Towns  trom  which  no  Reports  were  received. 


/.    Cities, 

Chicopbe,  Holtoke. 

//.     Towns  having  a  Population  of  More  than  5fi00  in  Each, 


Andover, 

Athol, 

Blackstone, 

Fraraingham, 

Gardner, 

Greenfield, 

Melrose, 

Methuen, 


Montague, 

Natick, 

North  Attleborough, 

Orange, 

Palmer, 

Plymouth, 

Revere, 

Rockland, 


Southbridge, 
Spencer, 
Stoneham, 
Wakefield, 
West  Springfield, 
Winchester.  —  22. 


///.     Towns  having  a  Population  of  Over  IftOO  hut  Less  than  5fi00  in  Each. 


Abington, 

Acton, 

Acushnet, 

Agawam, 

Ashburnham, 

Ash  field, 

Ashland, 

Bellingham, 

Belmont, 

Billerica, 

Bourne, 

Bradford, 

Brook  field, 

Buckland, 

Canton, 

Carver, 

Charlemont, 

Charlton, 

Chatham, 

Cheshire, 

Chester, 

Clarksburg, 

Cohasset, 

Col  rain, 

Conway, 

Dal  ton, 

Dartmouth, 

Deerfield, 

Dighton, 

Douglas, 

Dracut, 

East  Longmeadow, 

Easton, 

Edgartown, 

Essex, 

Fairhaven, 


Freetown, 

Georgetown, 

Granville, 

Groton, 

Hamilton, 

Hanover, 

Hanson, 

Harvard, 

Harwich, 

Hatfield, 

Holbrook, 

Holden, 

Hopedale, 

Hubbardston, 

Lancaster, 

Lee, 

Lenox, 

Littleton, 

Ludlow, 

Lunenburg, 

Mansfield, 

Mattapoisett, 

Mavnard, 

Medway, 

Millis, 

Nantucket, 

Newbury, 

New  Marlborough, 

Northfield, 

Norton, 

Norwell, 

Orleans, 

Oxford, 

Pembroke, 

Provincetown, 

Raynham, 


Rehoboth, 

Rochester, 

Salisburv,' 

Sandwic][i, 

Scituate, 

Sheffield, 

Shelbume, 

Shirley, 

Shrewsbury, 

Southampton, 

South  Hadley, 

Stockbridge, 

Sturbridge, 

Sudbury, 

Sutton, 

Tewksbury, 

Tisbury, 

Topsfield, 

Upton, 

Uxbridge, 

Walpole, 

Warren, 

Wayland, 

Wellesley, 

West  Boylston, 

West  Bndgewater, 

Westminster, 

West  Newbury, 

West  Stockbridge, 

Westport, 

Wilbrahara, 

Williamsburg, 

Wilmington, 

Yarmouth. —  106. 
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List  of  Towns  fbom  which  no  Repobts  web 
IV.     Tovnit  having  Le$$  than  1,000 


■■A 


AUord, 

Aahby, 

Becket, 

fierklej, 

Bemardaton, 

Bluidford, 

Boxborough, 

Box  ford, 

BoylstoD, 

Brewster, 

Brimfield, 

BurliDf^on, 

Carlisle, 

Chustcr^otd, 

Chilm«rk, 

C)imraingtoa, 

Dana, 

DanHtable, 

Eaathaiu, 

Ezremont, 

EnBeld, 

ErTiDg, 

Flori(&, 

Gar  II(nd, 

(;c.»hen, 

(iosnold, 

Granbj, 

(ireenwich. 


Halirax, 

Hampden, 

Hancock, 

Hawler, 

Heatb, 

Holland. 

LakerilU. 

Lanesborough, 

LeydeD, 

Longmeadow, 

Lynn  fie  Id, 

Marion, 

Mashpee, 

Middlefi'eld, 

Monroe, 

hloQterej, 

Montgomery. 

Mount  Wasningt 

NahHnt, 

New  Ash  ford. 

New  Braintree, 

New  Salem, 

Norfolk, 

North  Reading, 

Oakham, 

Otis, 

Paxton, 

Felbam, 


The  Board  will  forward  to  the  local  board 
the  postal  carda  necessary  for  reporting,  on 
local  board  of  health. 
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IV. 

Official  lietwms  of  Deaths  in  Cities  and  Large  Toions  (Chapter  21 8  ^ 

Acts  of  1894). 

The  following  summary  comprises  the  results  obtained  from  the 
tabulation  of  the  returns  required  by  chapter  218  of  the  Acts  of 
1894,  whereby  the  board  of  health  of  each  city  and  populous  town 
is  directed  to  send  to  the  State  Board  of  Health  an  annual  state- 
ment of  the  deaths  in  such  city  or  town  upon  a  blank  form  fur- 
nished by  the  State  Board. 

The  whole  number  of  cities  and  towns  included  in  this  list  is 
85,  of  which  number  all  except  the  town  of  Montague  complied 
with  the  statute.  The  total  population  of  these  85  cities  and  towns 
by  the  census  of  1895  was  2,034,658. 

In  consequence  of  the  failure  of  Montague  to  send  a  return,  as 
required  by  statute,  the  figures  for  that  town  have  been  copied  from 
the  published  report  of  the  town  clerk  for  the  year  1896. 

The  death-rates  of  these  towns  in  the  following  summary  for  the 
year  1896  are  calculated  upon  an  estimated  population,  such  esti- 
mate being  based  upon  the  rate  of  growth  from  1890  to  1895,  as 
taken  from  the  census  returns. 

This  estimate  would  add  one  more  town  to  the  list  for  1896 
( Williamstown) ,  and  the  returns  of  this  town  are  included  in  the 
summary,  although  not  required  by  the  statute,  making  the  total 
number  of  towns  included  in  the  summary  86. 

The  estimated  population  of  these  86  towns  in  1896  was  2,093,820, 
or  about  80  per  cent,  of  the  total  population  of  the  State. 

The  whole  number  of  deaths  registered  in  these  towns  in  1896 
was  40,400,  and  the  death-rate  calculated  upon  the  foregoing  esti- 
mated population  was  19.29  per  1,000  living.  This  rate  was  slightly 
higher  than  that  of  1895. 

Sexes.  — The  number  of  deaths  of  males  was  20,530,  or  50.9  per 
cent,  of  the  whole  number  of  deaths;  and  the  deaths  of  females 
were  19,834,  or  49.1  per  cent,  of  those  whose  sex  was  known. 
There  were  36  in  which  the  sex  was  not  stated  in  the  returns. 

Ages. — The  deaths  shown  by  four  groups  of  ages,  as  recom- 
mended by  KOrosi,  were  as  follows :  — 


STATE  BOAKD  OP  HEi 


.„ 

ISM. 

riKinAau  or 
19M.          IMS. 

Aoi). 

1 

Dud* 

Ijnt. 

wjm 

J4.OT          «.» 

,L, .  .  . 

l-iO, 

r,iM 

11. »    ^      II.9 

■!-""-  • 

Th«  deaths  of  infaDta  under  ooe  were  10,0' 
of  the  total  mortatity,  and  those  of  cbildreo 
11,475,  or  35.88  per  cent,  of  the  total  morta 
deaths  of  infants  under  one  year  and  that  of 
ages  of  twenty  and  fifty  yeara  were  nearly  ide 

Alt  of  the  percentages  in  this  table  areestim 
of  deaths  of  persona  whose  ages  were  specifiec 
total  number  of  deaths  in  which  the  age  was  ni 

Months  and  Quarters. — The  number  of  dea 
the  year  is  shown  in  the  following  table:  — 


DMIhi. 

.«.. 

-•Ti™... 

FInl  qiurUr, 

..M4 

ai.M 

1      M.9 

iroDrtbqt.«t.i,    . 

B«ond  qurter.   . 

,,«. 

sa.n 

j      M.T 

DUeuiknowD,    . 

Third  qnaiUr,      . 

M.Wt 

w.w 

Tot.1,    .        . 

The  intensity  of  the  seasonal  death-rate  is  si 
table,  the  method  employed  being  explained  ot 
III.,  relating  to  disease  notificstion. 


llMn  IMIlj 

'Bw«"''Dor^* 

lltM.       1  IttH. 

J«o.rj.    .       . 

!(».» 

M.M 

M.l 

F.b™.ry. 

IM.OT 

» 

m 

IZO.B 

U.rch. 

iM.ri 

« 

M 

lll.T 

Oeiotwr.     .       . 

April, 

in. ST 

lOS 

51 

101. B      Mo«Dib«r,  .       . 

ll.y.  . 

iM.n 

at 

M 

».0      DKamblT.  .       . 

JODC.  . 

Bs.ro 

m 

40 

■0.*   '        AdhuI  omu,  1 

July.  - 

UT.IO 

'*' 

-* 

M..f                                  i 
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Causes  of  Death.  —  The  list  of  causes  of  death  embraced  Id  the 
summary  includes  those  from  the  principal  infectious  diseases,  in- 
cluding consumption,  together  with  certain  other  groups  of  destruc- 
tive diseases  and  those  from  violence. 

The  ratio  of  deaths  to  the  living  population  is  also  presented, 
since  this  method  of  presentation  constitutes  a  better  method  of 
indicating  the  incidence  of  each  cause  of  death  upon  the  living 
population  than  the  ratio  of  the  deaths  from  each  disease  or  cause 
of  death  to  the  total  mortality. 

Table  I. 


KsrOtTINO  CITIBS  AMb  TOWMS. 


EtUmated 
PopuUtlon, 

1S06. 


Adami, 
Ameibory, 
Andover,    . 
ArllDgtoo, . 
Alhol. 

Aulehorough,  . 
Bktvrlt,  . 
Blaekstone, 
Boston,  . 
Bralntree,  . 
Brockton, 
Brook  line, . 
Cambridge, 
Chbluxa,  . 
Chicopbe, 

CllDtOD.        . 

Concord,  . 
Danvera,  . 
DedliaiD,    . 

BVXBRTT,  . 

Fau.  Kivbb,     . 

FiTCHBURG, 

Framlogham,     . 
Franklin,    . 
Gardner,    . 
Gloucbstzr,    . 
Orafton,     . 
Oreenfiald, 
Haverhill, 

HOLTOKE,  . 

Hadaon, 
Hyde  Park. 
Lawrence, 
Leomlnater, 
Lowell,  . 
Ltmn, 
Maldbn,  . 
Ifarblebead, 

IfARLBOROnOH, 
IfEDFORD, 

Melroae, 
Ifethoen,    . 
Iflddleborongh, 
Ifllford.      . 


7,581 

10,023 

8,14ft 

6,602 

7,673 

8,480 

12,003 

6,010 

607,210 

6.403 

34,483 

16,076 

84,188 

31,082 

16.804 

11,711 

6,324 

8.826 

7,228 

20,600 

02,600 

27,382 

0,666 

6.107 

0,833 

28,082 

6,120 

6,424 

80.802 

41,331 

6,435 

12.162 

68,811 

0,600 

86.768 

63,771 

81,261 

7,664 

16,211 

16.163 

12,664 

6,866 

6.813 

8,004 


Bbpobtimo  CiTiBa  and  Towns. 


Estimated 
Popalatlon, 


IfUlbnry,    . 

Ifllton, 

Montague,* 

Natick, 

New  Bedford, 

nxwbttrtport, 

Newton,   . 

North  Adams, 

Northampton, 

North  Attleboroagh, 

Northbrldge,     . 

Orange, 

Palmer,      .       .       . 

Peabody.    . 

PiTTSPIELD, 

Plymonth. . 

QUINCT,       . 

Kevere, 
Kuckland,  . 
Rockport,  . 
Salem, 

bomertillx,     . 
Soutbbridge, 
Spencer,     . 
Springfield,  . 
Stoneham,  . 
Stonghton, 
Taunton, . 
Wakefleld. 
Waltham, 
Ware, 
Watertown, 
Webster,    . 
Westborongh,    . 
Westfleld.  . 
West  Springfield,      . 
Weymoatb, 
Whitman,  . 
WUllarostown,  . 
Winchester, 

WOBURN,   . 

Worcester,     . 


Toul, 


6,380 

6,766 

6,010 

8,768 

68,724 

14,673 

28,281 

10,747 

17.007 

6,646 

6.422 

6,610 

6,026 

10,676 

21,164 

8,086 

21,617 

7,774 

6,686 

6,620 

86,268 

66.018 

8,360 

7.388 

63,131 

6,300 

6,866 

27,461 

8,668 

21,330 

7.716 

7,031 

7,062 

6,248 

10,884 

6,834 

11,876 

6,004 

6,020 

6.407 

14,813 

101,860 


2,003,820 


*  Montague,  no  retams;  data  compiled  from  town  report. 
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Table  V. 


■  %  -  —  ^fc  ^ 

Dbatbs  vm  lOyOOO 

or  TBS  POPULATIOa. 

* 

DsATHa  rsE  lOJXO 

or  THa  POMTLATIOS. 

Causss  of  Dbatb. 

DwUm. 

CAuasa  or  DaAXi. 

Daatha. 

1 

18M. 

18M. 

!•••. 

IMS. 

OoBflompCSoD,  . 

4,818 

80.80 

81.80 

DyMnttiy, 

800 

1.48 

0.90 

MtMlM.      .          .          . 

B€arl«t.f«T«r,    . 

• 

110 
822 

0.68 
1.08 

0.40 
8.10 

DlarrlKBa  and  ebolera 

moriNia. 
PnattPOBia, 

617 
8,718 

2.47 
17.T8 

2.08 
17.50 

I>lpbth«i1m  and  eroap. 

1.607 

7.80 

7.80 

BronehltSa, 

l.«6 

8.04 

6.  IS 

Wbooplng-eoQfh,    . 

811 

1.01 

1.04 

DIaaaaeaof  tbahaart. 

8,818 

16.85 

15.40 

Typhoid  f«T«r, 
Otrebro^plaal  nioB. 

iBgiUi. 

SryalpelM, 

670 
888 
100 

8.n 

1.64 
0.68 

8.80 
1.80 
0.66 

Dliaaaea  of  the  brain 
and  aplnal  eord. 

DIaaaaea  of  tha  Ud. 
naya. 

Oanoar, 

8,606 
1«480 
1,282 

12.41 

8.87 
O.IS 

13.30 
6.06 
4.47 

Pnorporal  fe^er. 

77 

0.87 

0.41 

Snieida,     . 

888 

1.06 

1.06 

InflnoBia, . 

108 

0.68 

1.70 

1480 

6.68 

5.90 

lUlarial  f  trer, .       . 
Obolora  Infantum,   . 

68 

8,788 

0.88 
18.88 

0.86 
10.70 

Unknown  or   ill-da- 
flnedeaoaaa. 

660 

8.16 

2.88 

The  popalation  apon  which  the  foregoing  death-rates  are  calcu- 
lated is  estimated  for  1896  by  the  asaal  rale,  from  the  rate  of  increase 
in  the  foregoing  five-year  period  (1890-95). 
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Adams. 

Diphtheria  seemed  to  show  itself  in  an  epidemic  form  through  the  months 
of  September,  October  and  November,  and  was  reported  from  various 
localities  in  the  town,  while  every  effort  on  the  part  of  the  board  was  made 
to  prevent  the  spread  of  the  disease.  Antitoxin  as  a  treatment  was  used 
in  many  cases  with  very  favorable  results.  Scarlet-fever  was  a  very  rare 
disease  for  the  year,  there  being  only  two  cases  reported.  The  mortality 
was  marked  by  consumption,  cholera  infantum,  pneumonia  and  diphtheria, 
and  exceeds  that  of  last  year,  other  diseases  included,  by  forty  deaths. 

Amesburt. 

The  number  of  complaints  of  nuisance  has  not  been  large,  and  we  believe 
each  one  was  promptly  attended  to. 

We  have  been  exceedingly  fortunate  in  having  only  two  deaths  from 
contagious  diseases  this  year,  as  compared  with  fourteen  in  1895. 

The  past  year  we  have  kept  a  supply  of  antitoxin  on  hand,  and  it  has 
been  furnished  the  physicians  as  they*needed  to  use  it.  The  experience  of 
most  of  our  physicians  is  that  antitoxin  is  by  far  the  most  valuable  agent 
we  have  at  present  for  the  cure  of  diphtheria.  Sometimes  one  injection  is 
sufficient ;  at  other  times  two  or  even  three  are  used  at  intervals  of  twelve 
to  twenty-four  hours,  using  from  seven  to  ten  cubic  centimeters  for  a  dose. 
The  membrane  seems  to  soften  and  grow  thin,  the  fever  and  pulse  rapidly 
assume  the  normal  condition  and  convalescence  is  rapidly  established. 

Arlington. 

This  year,  like  the  last  one,  has  been  free  from  cause  for  alarm  from  any 
epidemic  of  dangerous  or  contagious  diseases. 

Among  occurrences  of  the  year  now  closing,  in  a  sanitary  point  of  view, 
of  greatest  importance  is  the  rapid  progress  which  has  been  made  in  the 
construction  of  our  public  sewers  and  connection  of  same  with  the  metro- 
politan system,  which  now  serves  a  large  portion  of  our  town. 

Spy  Pond  has  always  been  notable  in  the  history  of  our  town,  and  of 
great  interest  to  our  citizens  for  purposes  of  recreation  and  the  commercial 
value  of  its  product  of  ice.  Of  late  years  the  problem  of  how  to  purify 
its  waters  has  engaged  the  attention  of  citizens  and  local  organizations. 
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Athol. 

There  has  been  a  dispoBition  among  some  property-holders  not  to  comply 
with  the  laws,  bnt  on  the  whole  there  has  been  a  general  spirit  of  co-opera- 
tion manifested  by  the  citizens  in  the  work  of  the  board.  Understanding 
the  effects  of  the  hard  times  the  board  has  modified  its  requirements  regard- 
ing certain  by-laws,  and  endeavored  to  be  as  lenient  with  the  propers- 
holders  as  the  health  and  safety  of  the  public  would  allow. 

Although  a  system  of  sewerage  extends  through  most  of  the  streets  of 
the  town,  there  seems  to  be  a  disposition  among  some  of  the  property- 
holders  not  to  utilize  it  and  connect  their  premises  with  the  sewers.  The 
number  of  sewer  connections  ordered  has  been  fifty. 

There  have  been  issued  one  hundred  and  twelve  permits  for  plumbing. 

AlTLEBOROUOH. 

It  is  interesting  to  note  that  the  antitoxic  serum  for  the  treatment  of 
diphtheria  was  first  used  during  the  year,  and  that  in  the  two  fatal  cases  it 
was  not  employed,  the  physicians  in  each  case  being  called  too  late. 

Next  to  pneumonia,  the  disease  causing  the  largest  number  of  deaths  is 
consumption. 

Belmont. 

During  the  year  there  has  been  no  serious  epidemic  of  contagious  disease. 
A  mild  epidemic  of  measles  in  the  spring  necessitated  the  closing  of  one  of 
the  schools,  but  no  deaths  have  occurred  in  the  past  year  from  any  con- 
tagious disease.  , 

Boston. 

The  total  number  of  deaths  for  the  year  was  11,634,  an  increase  over  the 
previous  year  of  305  deaths.  The  death-rate  for  the  year  was  22.53  per 
1,000  inhabitants.  This  rate  is  less  by  .07  than  that  of  the  previous  year, 
and  the  lowest  since  1884.  There  were  1,985  deaths  from  zymotic  diseases, 
an  increase  of  17  deaths  over  the  same  group  of  the  previous  year.  There 
were  72  less  deaths  from  diphtheria  than  in  1895,  although  the  number  of 
cases  of  diphtheria  reported  was  largely  increased  on  account  of  the  larger 
number  discovered  among  the  pupils  in  the  public  schools  by  the  medical 
inspectors  of  schools,  and  the  bacteriological  tests  in  the  otherwise  unrec- 
ognized cases.  The  ratio  of  deaths  to  the  number  of  cases  of  diphtheria 
reported  was  11.49  per  cent.,  as  against  14.48  per  cent,  the  preceding  year. 
There  were  121  deaths  from  scarlatina,  7  more  deaths  than  in  the  preced- 
ing year,  and  72  less  than  the  average  of  the  five  previous  years.  Typbdd 
fever  caused  162  deaths  during  the  year.  There  were  19  deaths  from 
measles  during  the  year.  The  number  of  deaths  of  children  under  five 
years  of  age  was  4,055,  compared  with  3,935  for  the  previous  year,  shoir- 
iDg  an  increase  ot  Yl^  d^«A.hs. 


No.  34.]  HEALTH  OF  TOWNS.  871 

The  medical  iDspection  of  schools  has  been  continued  daring  the  past 
year,  with  the  same  encouraging  and  satisfactory  results  as  during  the 
previous  fourteen  months.  All  pupils  who  have  Qomp}aine^  or  appeared  to 
their  teachers  to  be  ill  have  been  examined  by  the  visiting  physicians,  and 
the  teachers  advised  as  to  what  should  be  done  with  such  pupils.  The 
teachers  and  visiting  physicians  have  entered  upon  and  pursued  this  work 
with  surprising  harmony.  The  search  for  infectious  diseases  in  the  schools 
during  the  last  year  has  been  even  greater,  while  the  number  of  cases  in  this 
class  found  in  1896  is  less  than  that  of  1895.  The  same  is  true  also  of  the 
other  miscellaneous  diseases.  Considerable  inquiry  has  been  made  by 
officials  of  other  cities  as  to  our  methods  and  results  in  this  work,  and  sev- 
eral cities,  including  New  York,  are  now  preparing  to  adopt  a  similar  sys- 
tem of  inspection  in  their  schools. 

For  the  year  ending  Dec.  31,  1896,  the  whole  number  of  pupils  examined 
was  8,964,  and  of  this  number  1,156  were  found  to  be  too  ill  to  remain  in 
school.     The  diseases  found  may  be  classified  as  follows :  — 

Specific  infectious  diseases, 267 

Oral  and  respiratory  diseases, •  3,934 

Ear  diseases, 66 

Eye  diseases, 382 

Skin  diseases, •  628 

Miscellaneous  diseases, 3,687 

Total  number  of  examinations,         ......    8,964 

Much  work  is  reported  by  the  board  as  having  been  accomplished  during 
the  year  in  the  line  of  school-house  sanitation,  improvement  of  the  condi- 
tion of  exposed  tide-water  flats  near  the  city,  and  house-to-house  inspection. 

Number  of  houses  ordered  to  be  vacated,  121.  Many  of  them  were 
afterward  put  in  good  condition  and  were  allowed  to  be  occupied. 

Disinfection  in  infectious  diseases,  total  number,       .        •        .  5,229 

Rooms  disinfected, «...  9,967 

Sulphur  used  (pounds),       .•..•...  44,348 

Nuisances  abated  by  disinfection, 41,686 

The  steam  disinfecting  apparatus  at  Swett  Street  has  been  in  constant 
use  throughout  the  year. 

The  board  proposes  to  supersede  the  old  method  of  room  disinfection  by 
sulphur,  and  to  employ  formaldehyde  gas  in  its  place. 

The  board  renews  its  recommendation  for  the  provision  of  improved 
means  for  disposing  of  garbage  and  offal. 

The  total  number  of  baths  taken  at  the  different  public  sea-water  bath- 
bouses  in  1896  was  as  follows :  — 


872  STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 

Men  and  boys,    •       • 611 ,8^ 

Women  and  girls, 189,341 

Total, 801,285 

The  board  reports  fully  upon  the  following  topics :  licensing  of  plombers 
and  undertakers,  issue  of  burial  permits,  approval  of  lodging-houses,  pay- 
ing of  courts  and  alleys,  removal  of  night-soil,  assignment  of  offensive 
trade  locations,  inspection  of  lying-in  hospitals,  and  bakeries. 

Bbookfisld. 

The  general  health  of  the  community  has  been  excellent,  and  no  death 
has  occurred  from  scarlet-fever,  diphtheria  or  typhoid  fever,  and,  in  fact, 
these  diseases  have  not  appeared  in  town,  except  three  isolated  cases  of 
typhoid  fever,  with  one  exception  probably  contracted  outside  of  the  town. 

Brookline. 

Thorough  disinfection  after  scarlet-fever  and  diphtheria  has  been  done 
by  the  board  after  the  recovery  or  death  of  the  patient,  but  it  has  not  re- 
turned to  4;he  use  of  sulphur  fumes  for  disinfection,  except  when  specially 
requested,  when  it  is  used  in  conjunction  with  more  reliable  means. 

IntermittenC  fever  (malaria)  has  contiiiued  to  be  somewhat  prevalent  in 
Brookline*,  as  well  as  in  all  the  adjoining  municipalities.  Under  the  provi- 
sions of  chapter  80  of  the  Public  Statutes  the  board  of  last  year  ordered 
the  abatement  of  a  nuisance  consisting  of  wet  and  boggy  lands  lying  be- 
tween Woodland  Road  and  Heath  Street.  This  order  has  been  complied 
with,  under  supervision  of  the  town  engineer. 

The  board  of  health  hospital  buildings  for  diphtheria  and  scarlet-fever 
have  been  in  use  much  of  the  time,  and  by  providing  a  suitable  place  for 
the  isolation  and  care  of  the  first  cases  occurring  in  tenements  and  other 
crowded  dwellings,  have  doubtless  done  much  to  prevent  these  dangerous 
but  more  or  less  preventable  diseases  from  becoming  epidemic,  and  at  the 
same  time  have  enabled  many  children  to  continue  in  school  who  otherwise, 
though  well,  must  have  remained  out  for  many  weeks. 

The  number  of  cases  of  typhoid  fever  was  larger  than  usual,  but  ail 
were  of  a  rather  mild  type,  and  some  of  them  were  imported  from  Florida 
and  elsewhere. 

The  ice  supplied  the  citizens  was  inspected  from  time  to  time,  and  speci- 
mens subjected  to  bacteriological  examination  were  found  free  from  disease 
germs. 

.  The  need  of  improved  public  bathing  facilities,  recommended  in  previous 
reports  of  this  board  as  an  important  health  measure,  has  been  recognized 
by  the  town,  and  the  little  swimming  tank  in  the  Village  Brook  has  been 
succeeded  by  a  new  public  bath,  located  in  the  centre  of  popolation,  and 
in  every  respect  woiWi'j  ol  \.Yi^  tjowu. 
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Cambridge. 

Number  of  inspeotions  made, 3,941 

Number  of  subsequent  iDspections, 4,329 

Total, 8,270 

The  need  of  hospital  accommodation  for  cases  of  infectious  diseases  dan- 
gerous to  the  public  health  is  still  as  pressing  as  ever,  and  the  attainment 
of  this  accommodation  is  apparently  as  remote.  Cambridge  has  yet  to 
learn  that  money  can  be  expended  in  no  better  way  thisin  in  providing 
means  for  the  isolation  of  cases  of  diseases  that  imperil  the  public  health 
by  their  infectious  nature. 

We  have  in  our  previous  reports  shown  the  necessity  for  the  work  of  a 
bacteriologist,  and  this  portion  of  our  work  is  now,  we  hope,  established 
on  a  somewhat  permanent  basis. 

Medical  Inspection  of  Schools.  —  The  city  was  divided  into  six  school 
districts,  the  number  of  schools  in  a  district  varying  from  five  to  seven, 
depending  on  the  distance  to  be  covered  by  the  inspector  in  his  daily  round 
and  upon  the  number  of  scholars  in  the  schools  visited. 

The  following  instructions,  a  copy  of  which  was  sent  to  each  inspector, 
indicate  the  lines  upon  which  the  inspections  are  conducted :  — 

1.  The  physician  is  to  examine  only  such  children  as  are  indicated  to  him  by 
the  teacher  as  having  complained,  or  as  appearing  to  be  sufiering  from  disease. 

2.  The  physician  is  to  recommend  to  the  principal  to  send  home  immediately 
any  child  whom  he  may  suspect  of  having  any  infectious  disease. 

3.  The  physician  mast  not  recommend  the  employment  of  any  special  physi- 
cian or  mode  of  treatment  for  the  particular  case. 

4.  In  case  of  near-sightedness  or  other  ti'ouble  with  the  eyes,  or  deafness  or 
other  ear  trouble,  to  which  attention  has  been  directed  by  the  teacher,  the  physi- 
cian is  instructed  to  suggest  that  the  principal  recommend  to  the  parents  that  the 
eyes  or  ears  of  the  pupil  be  examined. 

The  report  of  the  inspector  of  ice  for  1896  indicates  that  in  several 
instances  the  danger  from  past  or  present  pollution  of  the  supply  is  so 
great  as  to  render  it  necessary  to  prohibit  the  sale  in  this  city  for  domestic 
use  of  ice  which  is  derived  from  such  impure  sources.  The  following  are 
strong  instances  of  such  impure  sources  of  supply  :  — 

••  Horn  Pond,  Wolmm^  Mass, 

"  The  northern  shore  of  this  pond  is  thickly  settled.  A  small  brook  flows  into 
the  upper  end,  which  brook  also  flows  through  a  part  of  the  town  and  receives 
the  drainage  from  a  number  of  barn-yards.  The  danger  of  contamination  of  the 
water  from  the  large  population  settled  on  the  water-shed  is  so  great  as  to  make 
it  an  unsafe  one  to  use  for  an  ice  supply. 
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"  A  considerable  excess  of  chlorine  abore  that  which  i 
indicates  n  past  or  present  pollution  of  the  water.  Tl 
rpgion  i a,  according  to  the  State  Board  of  H«iltb,  0.3 
report  of  the  inspector  shows  that  the  chlorine  in  U 
1.40  per  100,000,  and  hiR  pergonal  inspection  is,  we  I 
excess  cannot  be  attributed  to  a  source  of  pollution  that 

"  Laht  Quanapoml,  Wakefitld,  M 

"  The  town  of  Wakefield  borders  on  one  end  and  side, 

Other  side.    The  water-she<l  of  this  pond  supports  far 

make  the  pond  a  suitable  one  from  which  to  cut  ice  foi 

1 .36  jier  100,000.    Normal  chlorine  of  this  region,  0.38 

"  Spy  Pond,  Arlington,  Mass. 
"  The  noriliem  shore  is  hi<rh  and  entirely  taken  up  wi 
drains,  apparently  for  surface  water  only,  were  seen  e 
this  shore.  Tlie  oiher  banks  are,  with  the  eiception  t 
Hhnrc,  taken  up  with  market  ^rdcns  and  with  numc 
wat<-r.  The  danger  of  contamination  is  considerable, 
from  the  market  gardens,  on  which  large  quantities  of 
it,  I  nm  informed,  consisting  of  ^igh^soil.  Chlorine,  2 
chlorine  of  this  region,  0.40." 

"  Smilh't  or  Little  Pond,  Btlmont, 
"  Two  brooks  flow  Into  it ;  one  draining  Spy  Pond, 
land  between  Belmont  and  Arlington,  which  is  Urge! 
dens.  The  jiond  empties  through  I.itHe  Riverinto  Ale» 
of  fMirillui'  colt  communis  dcrelopcd  during  the  examin 
is  strong  evidence  of  sewage  contamination.  Chlorine 
mal  cliliirine  of  this  region,  0.40." 

"  Sandy  I'oint,  Ayer,  Matt. 

"  Thei-e  arc  a  few  houses  at  the  lower  end,  and  on  c 

but  little  ii^ed  picnic  ground  with  n  privy  about  ton  or  t 

Chlorine.  0.40  per  100,000.     Nornml  chlorine  of  this  re; 

"  Waitthnhum  Lake,  South  Framingha 

•'  There  are  several  picnic  houses  around  the  shore 

prove  on  one  side,    A  small  dwelling-house  is  close  i 

houses.    Chlorine,  0.50  jier  100,000.     Normal  chlorine 

The  above  quotatioDe  from  the  report  of  the  ii 
dearly  as  they  do  the  pollutioD  of  maoy  of  the  eoui 
the  amplest  coofirm&tioD  of  the  positioD  taken  by 
meiidation  above  referred  to,  as  to  the  ueceBHity  I 

tiOD  of  tllOBG  BOUTCeS  of  BU^^ly. 
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In  accordance  with  the  provisions  of  chapter  418  of  the  Acts  of  1896, 
the  various  bakeries  in  this  city  have  been  inspected,  and  a  printed  copy 
of  the  act  posted  in  each  bakery  and  place  in  which  the  business  mentioned 
in  said  act  is  carried  on. 

Cbicopee. 

Since  September  1  there  has  been  a  marked  increase  in  the  number  of 
cases  of  diphtheria  and  croup,  thirty-five  being  reported  for  November  and 
the  same  number  for  December.  In  some  instances  the  quarantine  was 
disregarded,  and  it  is  quite  evident  that  some  of  this  sickness  might  have 
been  prevented  had  it  been  properly  respected  ;  it  is,  therefore,  imperative 
that  rigid  measures  should  be  taken  to  enforce  its  observance.  Antitoxin 
treatment  in  a  number  of  cases  has  met  with  very  satisfactory  results. 

No  provision  has  yet  been  made  by  the  city  authorities  for  the  removal 
of  garbage  and  other  refuse,  which  is  a  constant  menace  to  the  public 
health.  During  the  winter  season  it  accumulates  in  frozen  masses,  while 
each  day  fresh  and  liberal  additions  are  made,  particularly  in  the  thicker 
settled  sections,  until  the  spring  arrives  and  the  health  officer  again  ap- 
pears to  assume  the  duties  of  the  coming  season.  The  introduction  of 
some  system  that  would  be  thorough  and  effective  is  the  only  way  to  over- 
come this  monstrous  form  of  filth. 

Clinton. 

With  reference  to  diphtheria  the  board  feel  that  what  was  recommended 

last  year  voices  substantially  their  position  this  year  in  the  matter,  t.  e., 

that  the  use  of  antitoxin  is  of  undoubted  merit,  and  should  be  begun  early 

in  the  disease. 

Concord. 

We  have  endeavored  to  procure  the  passage  of  a  bill  in  the  present  Leg- 
islature permitting  the  board  to  inspect  the  houses  owned  by  the  State  and 
occupied  by  the  officers  of  the  Massachusetts  Reformatory  in  this  town. 
As  the  result  of  a  hearing  we  were  given  leave  to  withdraw,  and  the  case 
now  stands  as  before  we  acted.  We  have  no  rights  in  any  of  the  above 
houses,  either  to  inspect  or  to  investigate  upon  the  occurrence  of  any  con- 
tagious disease,  to  quarantine  or  to  fumigate. 

The  matter  of  more  thorough  sanitation  in  bams  where  cows  are  kept  is 
receiving  considerable  attention  all  over  the  State,  in  view  of  the  well- 
known  intimate  connection  between  tuberculosis  in  cattle  and  poor  ventila- 
tion of  bams.  We  feel,  therefore,  that  this  matter  should  be  attended  to 
the  coming  year.  Its  importance  is  clearly  manifest  through  a  communica- 
tion from  the  city  of  Cambridge  inquiring  about  the  general  sanitary  con- 
dition of  some  fifty  farms  in  this  town  where  milk  is  produced  and  sold  to 
dealers  in  Cambridge.  The  questions  are  very  searching,  as  they  have 
traced  tiie  two  epidemics  of  typhoid  fever  occurring  last  summer  and  fall 
to  the  carelessness  of  the  milk  peddler  in  handling  the  cans.     Naturally  they 
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deBire  to  know  more  about  the  Bources  of  their  i 
decided  to  have  our  ageat,  in  bis  snoQal  tonr  of  ii 
report  more  fully  wiUi  reference  to  the  condition 
order  that  we  may  determine  in  what  way  the  condi 
and  what  can  be  done,  either  by  regulation  or  inepc 
ersl  conditions  better. 

Daktkbs. 

The  dipbtberis  antitoxin  of  the  State  Board,  whi' 
our  board,  has  been  quite  largely  used,  also  the 
diagnosis  of  diphtheria.  Diagnosis  of  cases  of  < 
these  tubes  is  reported  from  the  State  Board  ini 
after  the  culture  has  been  sent  from  Danvers. 

In  a  former  report  the  board  stated  that  the  only 
the  disposal  of  sewage  was  for  the  town  to  have 
present  board  is  of  the  same  opinion,  and  would 
steps  towards  having  such  a  system  in  the  near  futi 

Dedhau. 
The  cases  of  contagious  diseases  reported  daring 
46  in  number,  which,  by  comparison  with  the  re< 
year  of  98  cases,  shows  a  relative  improvement  i 
were  15  cases  of  diphtheria  in  1896,  and  the  de 
cases  of  diphtheria  from  tbat  recorded  for  the  preo 
56  cases  in  1895,  is  of  special  interest. 

EVKETTT. 

The  city  is  in  as  good  sanitary  condition  as  last  j 
There  has  been  some  impatience  on  aoconnt  of 
persons  have  been  kept  in  quarantine  in  caaes  of 
lence  of  the  germs  has  been  tested  in  these  protr 
been  found  that  the  bacilli  are  as  virulent  as  in  tt 
fore  it  is  the  only  safe  rule  to  keep  the  patient  qusi 
do  not  appear.  We  believe  tbat  every  case  is  due 
some  infected  person  or  article.  Of  60  cases  in  « 
all  but  one  were  proven  to  have  bacilli,  or  else 
others  had  diphtheria.  Of  these  there  were  5  deal 
cent.  Of  30  cases  where  it  was  not  used  a  oulturi 
in  20  cases.     There  were  6  deaths,  a  mortality  of  S 

Fall  RivKR. 
All   houses  in  which  contagious  diseases  are  re 
mediately  visited  and  the  occupants  furnished  w 
instnictiona  and  T«V\aM«  \atormation  upon  the  pre 
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slay  tbe  spread  of  that  particalar  disease.  In  cases  of  diphtheria  and 
scarlet-fever,  cards,  designating  the  disease,  are  attached  to  the  building, 
at  every  door ;  and  in  all  cases  a  thorough  inspection  of  the  sanitary  con- 
dition of  the  building  and  premises  is  made ;  all  reports  and  complaints 
received  through  the  police  department  or  from  citizens  are  subject  to  a 
thorough  investigation ;  when  an  owner  of  property  has  any  reason  to 
suspect  that  the  plumbing  or  the  drainage  system  of  the  same  is  unsafe,  an 
inspection  is  promptly  made ;  when  a  new  sewer  is  laid  in  a  street  pre- 
viously unsewered,  every  building  situated  upon  a  line  of  said  sewer  is 
visited  and  iuspected,  and  if  upon  such  inspections  it  is  found  that  any  con- 
ditions exist  inconsistent  with  the  rules  and  regulations  of  the  board,  an 
order  is  immediately  served  upon  the  owner,  calling  upon  him  to  abate  such 
nuisances,  reconstruct  plumbing  or  otherwise  conform  to  the  rules  and 
regulations,  in  accordance  with  the  city  ordinances  and  the  Public  Statutes. 

Tbe  board  supplies  the  means  whereby  physicians  can  determine  exactly 
whether  or  not  any  doubtful  case  of  throat  disease  is  or  is  not  diphtheria,  by 
providing  the  facilities  necessary  for  an  expert  bacteriological  examination 
of  cultures  taken  from  tbe  throat  of  suspected  patients.  For  this  purpose, 
boxes  containing  culture  tubes,  swabs  and  full  printed  instructions  for  taking 
cultures,  with  blank  form  to  make  a  report  upon,  are  distributed  at  drug 
stores  throughout  the  city. 

The  number  of  persons  successfully  vaccinated  at  this  office  during  the 
past  five  years  was  8,396. 

FiTCHBURO. 

The  number  of  written  notices  issued  requiring  the  action  of  the  board 
was  527.     This  includes  the  general  notices  regarding  nuisances,  construc- 
tion of  cesspools,  orders  to  connect  with  tbe  sewer,  defective  plumbing  to  ' 
be  remedied,  and  many  others  of  miscellaneous  character. 

The  board  has  found  the  schools  to  be  the  most  likely  source  of  con- 
tagion in  many  cases,  most  of  the  cases  being  among  scholars  or  families 
of  scholars  attending  school.  In  several  different  instances  it  has  been 
thought  advisable  to  fumigate  and  disinfect  the  school  buildings,  and  this 
has  had  a  noticeable  effect  in  checking  the  spread  of  contagion. 


Franklin. 

We  have  attended  promptly  to  such  complaints  as  have  been  brought 
before  us,  and  have  ordered  such  action  as  seemed  to  be  called  for  in  each 
case.  It  is  a  pleasure  to  report  that  we  have  found  citizens  ready  to  co- 
operate cheerfully  with  this  board  in  maintaining  the  health  of  the  town, 
and  our  business  has  been  transacted  without  friction  or  unpleasantness. 
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Gabdher. 
CoDsideriag  the  number  of  caaeB  of  dipbtberJa,  &i 
every  case,  it  is  remarkable  tbat  tbere  were  oot  mor 
reported.  To  a  certain  degree  this  is  owtog  to  tl 
was  administered  in  seven  cases,  some  of  them  havi 
hours  to  live.  Every  case  where  it  was  used  rei 
health  took  active  measures  to  limit  the  spread  of  i 
we  feel  our  efforts  were  more  or  less  sneceseful. 

GloCC  ESTER. 

We  consider  the  sanitary  condition  of  onr  city  v< 
tion  of  a  few  localitieB.  Privy  vaults  and  cessp 
intolerable  nuisance,  and  are,  we  believe,  directly 
deal  of  avoidable  sickness.  A  system  of  sevrerag 
the  existing  pernicioua  state  of  affairs. 

Haverhill. 

The  method  of  disposal  of  refuse,  animal,  vegeta 
ing  the  boai-d  the  usual  trouble,  and  will  probablj 
an  ideal  method  of  disposal  is  found. 

The  board  renews  its  annual  statement  as  to  a 
diseases,  required  by  law,  still  uncomplied  with. 

The  middle  of  June,  in  which  there  are  usually  i 
found  the  city  suffering  from  an  epidemic  of  typbo 
nately  not  of  a  very  fatal  character.  Not  since  I 
present  water  supply  has  there  been  in  any  season 
city  as  occurred  during  the  summer  and  autumn  moi 
dred  and  one  cases  have  been  reported  from  the  mi' 
of  the  year,  90  or  more  of  which  had  their  direct  or 

The  following  extract  is  from  Professor  SedgwicI 
evident  that  two-thirds  of  all  the  cases,  excluding  ii 
of  earlier  date,  were  located  upon  one  of  the  wate 
derived  from  Crystal  Lake.  I  therefore  visited  the 
sanitary  condition,  and  I  regret  to  say  that  the  r 
while  they  show  that  the  lake  has  a  good  natural 
be  easily  guarded  and  kept  in  goo<l  sanitary  condit 
present  time  proper  safeguards  do  not  exist ;  and  it 
from  the  more  or  less  public  uses  of  the  lake  for  i 
contamination  may  have  come  which  caused  the  p 
informed  that  a  part  of  the  shore  is  used  for  picnit 
club-house  with  its  sink-spout  and  its  privy  stands 
far  from  the  intake  of  the  water  works  ;  boating  or 
oomniOD ;  tiXnX  otAici  c\vV«ncea  exist  of  improper  us 
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is  no  positive  evidence  of  any  contamination  of  the  lake  by  any  one  iiaving 
typhoid  fever ;  but  it  is  well-known  that  ^  walking '  cases  of  this  disease 
are  not  uncommon,  and  it  may  be  that  such  a  contamination  has  actually 
occurred.  In  any  case  there  can  be  no  doubt  that  the  city  of  Haverhill 
should  own  and  control  not  only  the  lake  but  its  entire  shores.  A  lake 
which  supplies  drinking  water  to  a  modern  city  should  not  be  used  for 
boating,  fishing  or  swimming  ;  nor  its  shores  for  cottages  or  picnic  grounds  ; 
and  until  Crystal  Lake  can  be  entirely  rescued  from  its  present  uses  by 
the  miscellaneous  public,  those  who  drink  the  water  derived  from  this 
source  would  do  well  to  boil  and  cool  it  before  drinking.  I  have  also 
visited  and  inspected  Round  Lake  and  its  environs,  and  I  am  of  the 
opinion  that  the  use  of  its  shores  for  ice-houses,  stables,  etc.,  as  at  present 
conducted,  is  improper,  and  constitutes  a  menace  to  the  public  health." 

Ipswich. 

A  few  words  in  regard  to  the  sanitary  condition  of  the  town ;  we  con- 
sider that  it  is  in  a  good  condition,  taking  everything  into  consideration. 
We  have  had  considerable  complaint  from  overflowing  cesspools  during  the 
year,  a  matter  which  we  expected,  owing  to  the  large  usage  of  water ;  but 
we  think  this  will  be  obviated  in  the  future  and  that  we  shall  have  very 
little  trouble  from  this  source. 

Lexington. 

The  vexed  question  of  piggeries  seems  to  have  been  settled,  and  we  are 
gratified  to  say  that  no  complaint  has  been  made  in  that  direction  for  a 
long  time.  The  board,  however,  is  well  aware  that  the  swine-keeping  in- 
dustry in  this  town  must  be  carefully  watched,  and  in  this  connection  we 
know,  from  much  time,  trouble  and  labor  expended  by  us  in  the  past,  that 
"eternal  vigilance"  is  the  price  of  health;  hence  we  cordially  invite  co- 
operation by  the  citizens  toward  the  regulation  of  this  somewhat  unsavory 
trafiSc ;  and  co-operation  in  this  manner,  —  not  by  complaint  in  an  unofidcial 
form  to  the  casual  listener,  but  by  direct  complaint  in  writing  to  this  board. 

Lowell. 

Vaults  removed  in  1896, 169 

Cost  of  burning  garbage  at  cremator,  Jan.  1,  1896,  to  Dec. 

26,  1896. 13,343  34 

Cost  of  burning  garbage,  1894, 5,742  69 

Cost  of  burning  garbage,  1895, 3,662  53 

Cost  of  burning  garbage,  1896 3,343  34* 

Lowest  week's  cost  per  ton,  1894, 1  02 

Lowest  week's  cost  per  ton,  1895, 81 

Lowest  week's  cost  per  ton,  1896, 68 

•  Saying  in  1896  of  $319.19. 
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Dariiig  the  yeAT  1896,  33,389  loads  of  ashes  wen 
and  stores  to  the  variona  damping  grounds  in  nse. 

Sixty-five  bakeries  were  inspected  by  the  board  no 

The  number  of  pbyBicians  who  have  availed  then 
logical  test  baa  largely  increased,  and  the  reaulta  ha 
faction.  There  have  been  one  or  two  cases  when  the 
the  result  of  the  bacteriolf^ioal  report,  conaidering 
follicular  toDsilitis,  and  where  the  examination  pron 
theria.  In  last  year's  report  it  was  suggested  that  ■ 
oal  examination  be  made  before  a  case  with  diphtt 
quarantine.  The  most  approved  custom  is  that  then 
reports  before  the  case  be  released. 

Diphtheria  caaee  where  aatitoxin  was  used :  Casi 
died,  3  ;  per  cent,  of  deaths,  10. 

Diphtheria  cases  where  antitoxin  was  not  uaed : 
35  ;  died,  44  ;  per  cent,  of  deaths,  .iC. 

The  board  decided  to  have  sputum  examined  b} 
caaes  of  auapected  tuberculoais  of  the  lunge,  and  ( 
were  sent  to  the  pbyeicians  of  the  city.  It  was  not 
ing  the  cases,  although  according  to  the  latest  accept 
ia  a  coutngiouB  disease,  but  simply  as  an  assistani 
making  his  diagnosis. 

The  board  of  health  believes,  as  stated  in  its  t 
modern  filter  plant  of  suitable  capacity  should  be 
iliary  to  the  present  provision  for  Lowell's  water  i 
is  not  expensive  aa  compared  with  otiier  measurea 
Its  uae  iu  Lowell  has  already  been  advised  by  the 
the  ijtutc,  and  its  efficiency  in  preventing  typhoid 
demonstrated.  This  board  feels  impelled  to  ut^e  tl 
of  the  people  of  Lowell  with  tbia  final  safeguard  i 
has  already  wrought  so  much  danger  here. 

Lynn. 
By  a  suggestion  from  the  local  board  of  health, 
dcrccl  till  dogs  running  at  large  to  be  muzzled  from  1 

i89(;. 

The  boani  alao  secured  the  enactment  of  a  statuU 
ing  of  low  land  up  to  an  established  grade  in  the  c 
required  by  the  board. 

The  fullowing  rule,  known  as  rule  35  of  the  revi 
board  of  health  of  the  city  of  Lynn,  was  adopted, 
solicitor  Hon.  John  R.  ISaldwin,  and  after  a  public  hi 
The  purpose  of  the  act  was  to  keep  out  and  prevent 
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from  unhealthy  cows.  Under  this  order  8,471  cows  have  been  tested  with 
tuberculin  in  the  three  States  of  Massachusetts,  New  Hampshire  and  Maine, 
and  of  this  number  562  were  condemned. 

Rule  35.  On  and  after  May  1, 1896,  for  all  milk  brought  into  or  offered  for 
sale  in  the  city  of  Lynn,  satisfactory  evidence  will  be  required  of  the  producer 
and  dealer  by  the  board  of  health  that  the  milk  has  been  drawn  from  healthy 
cows.  The  condition  of  health  is  to  be  based  upon  results  of  tuberculin  test  by  a 
veterinarian  that  is  satisfactory  to  the  State  Cattle  Commission  and  to  the  in- 
spector of  milk  for  the  city  of  Lynn.  After  test,  each  animal  to  have  ear  tag  and 
certificate  of  health.  Also,  that  the  animals  used  are  properly  fed,  and  the  prem- 
ises occupied  by  them  are  in  a  good  condition  of  sanitation. 

Hospital  for  Contagious  Diseases,  —  The  condition  of  the  hospital  for 
contagious  diseases  the  past  year  has  been  very  satisfactory.  It  has  been 
the  purpose,  in  the  management  of  this  institution,  to  treat,  as  economically 
as  possible,  those  patients  suffering  from  diphtheria  or  scarlet-fever,  who 
would  have  no  other  care  or  shelter  without  it,  and  to  prevent  the  spread 
of  these  troubles,  and  we  believe  in  the  last  year  the  institution,  with  the 
liberal  use  of  antitoxin,  has  been  the  means  of  preventing  a  much  larger 
number  of  cases  and  a  much  larger  death-rate.  A  large  proportion  of  these 
cases  has  come  from  those  districts  where  the  sanitary  conditions  are  poor, 
and  among  those  people  whose  families  are  large,  and  who  are  not  accus- 
tomed to  cleanly  habits.  For  these  reasons  we  believe  that  the  hospital  is 
a  department  working  good  in  the  city.  The  large  number  of  cases  of  this 
kind  reported  shows  how  closely  we  may  have  come  to  an  epidemic,  such 
as  has  occurred  in  our  neighboring  towns  and  cities,  where  no  provision  has 
been  made  for  their  isolation.  In  the  light  of  these  events  it  seems  a  wise 
foresight  on  the  part  of  our  city  in  establishing  this  institution.  Of  the  82 
cases  of  diphtheria  admitted  and  treated  there  were  6  deaths,  making  a 
mortality  of  7.32  per  cent.,  while  the  mortality  in  the  whole  number  re- 
ported in  the  city  was  14.55  per  cent.,  —  about  twice  the  death-rate  of  that 
at  the  hospital. 

It  is  quite  a  practice  in  families  where  a  contagious  disease  occurs  for 
the  parents  to  send  the  apparently  well  members  away  until  the  sick  patient 
recovers.  This  course  may  seem  proper  and  reasonable  to  a  parent  in  his 
anxiety  for  the  health  and  safety  of  his  children,  but  it  is  a  doubtful  ex- 
pedient, as  it  was  found  upon  an  inspection  of  cases  reported  that  the 
patient  was  only  stopping  there  temporarily,  having  been  sent  away  from 
home  to  escape  the  disease.  In  one  instance  there  were  several  cases  re- 
ported from  the  immediate  neighborhood  of  this  temporary  resident. 

The  following  extract  is  from  the  report  of  the  milk  inspector:  "For 
some  reason  other  than  a  popular  demand  the  practice  of  adulterating  and 
diluting  milk  continues.  This  practice  was  attributable,  during  at  least 
nine  months  of  the  year,  to  the  annual  destructive  '  milk  war.'     Certain 
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dealers  conceived  the  idea  of  cheapeuiog  the  coa 
and  it  is  safe  to  eay  the;  were  auccesaful  beyond  tl 
Ing  a  part  of  this  time  milk  sold  as  low  as  three  c 
The  quality  of  the  milk  was  naturally  affected, 
thirty-three  dealers  were  brought  into  court ;  thirt 
charged.  During  the  year  I  have  seized  and  caua 
samples  of  milk  and  103  Bamplee  of  cream  ;  of  thea 
the  standard  required.  As  one  great  source  of  thi 
unclean  cans,  and  ill-kept  rooms  where  milk  is  pu 
three  visits  to  these  places,  with  the  view,  if  neces 
oonditions  as  seemed  detrimental  to  health." 

Malden. 

The  gratifying  results  which  have  accompanied 
of  diplttbcrin  has  robbed  this  disease  of  a  certain  | 
The  reduction  in  price  of  this  human  boon,  couple 
board  has  freely  furnished  it  upon  request  in  all  i 
the  death-rate  in  our  city  of  this  most  dreaded  of 
the  board  would  endeavor  to  indelibly  impress  up< 
the  great  existing  need  of  a  contagious  ward  or  ho 

In  January  the  State  Cattle  Commissioners  issD 
ing  that  all  dogs  within  a  spccifled  territory  be  n 
The  boards  of  health  of  the  several  cities  and  town 
were  authorized  to  aee  that  the  order  was  duly  enf 
territories.  The  city  of  Maiden  being  inclnded  in 
health,  to  the  beet  of  their  ability,  enforced  the  or 
Jan.  23,  1896. 

Regular  medical  inspection  of  the  schools  has 
mended,  and  the  results  have  been  very  gratifyinf 
baa  been  adopted.  The  board  would  recommend 
measures  for  Maiden,  and  that  an  appropriation  1: 

Marblehead. 

There  has  been  no  serious  epidemic  of  any  of 
The  number  of  cases  of  diphtheria  has  been  abou 
but  the  mortality  is  not  so  great.  This,  in  the 
due  to  tlie  fact  that  in  most  eases  antitoxin  was  a 
the  State  Board  of  Health,  furnished  antitoxin  fi 
it. 

Marlborough. 

The  quarantine  in  cases  of  diphtheria  has  been 
when  the  throat  cultures  showed  presence  of  the 
board  hoe  adopted  the  plan  of  releasing  patients 


No.  34.]  HEALTH  OF  TOWNS.  883 

throat  culture  was  found  free  from  the  germs  of  this  disease.  This  rule 
seems  to  the  board  to  be  a  reasonable  requirement,  but  the  practical  en- 
forcement of  such  a  regulation  is  often  a  hardship  to  the  patient  and  family 
afBicted.  In  two  cases  which  were  quarantined  during  the  year  the  germs 
remained  in  the  throat  for  about  ten  weeks.  As  diphtheria  patients  are 
sometimes  very  much  longer  than  ten  weeks  in  getting  rid  of  all  diphtheria 
germs  in  the  throat,  and  as  the  experience  of  the  year  is  quite  likely  to  be 
repeated,  the  necessity  of  providing  an  ample  place  for  caring  for  this  dis- 
ease immediately  suggests  itself. 

As  our  population  increases  the  need  of  a  systematic  method  of  garbage 
collection  becomes  more  apparent.  The  work  of  collecting  swill  and  garb- 
age is  now  being  done  by  citizens,  who  register  in  the  office  of  the  board  of 
health  and  agree  to  conform  to  the  rules  and  regulations  of  the  board  in  this 
respect ;  and  although  the  swill  is  of  some  value  to  them,  it  is  not  enough 
to  induce  them  to  collect  it  in  a  systematic  manner,  for  they  generally 
go  to  the  places  where  they  can  get  the  most  and  the  best  with  the  least 
possible  trouble ;  so  there  are  a  great  many  places  that  are  not  visited, 
because,  to  use  the  words  of  the  collectors,  there  is  not  enough  to  pay  for  the 
trouble.  This  matter  can  never  be  settled  satisfactorily  until  the  city  makes 
an  appropriation  for  the  purpose  of  employing  some  one  who  shall  gather 
swill  and  garbage  in  the  city,  and  shall  be  under  the  direction  of  the  board 
of  health. 

Medfield. 

Your  board  has  acted  on  all  complaints  of  nuisances  existing  in  our 
town,  and  has  remedied  the  same  as  they  have  deemed  best.  We  have 
also  taken  such  means  and  measures  to  prevent  the  spread  of  contagious 
diseases  as  in  our  judgment  was  proper.  In  combating  the  spread  of  in- 
fectious diseases,  we  have  been  obliged,  in  two  instances,  to  remove  the 
families  from  their  dwellings  while  their  apartments  were  being  disinfected. 
In  one  instance  we  considered  it  best  to  remove  the  patients  from  their 
houses,  as  each  recovered,  to  a  temporary  convalescent  hospital,  which  we 
maintained  for  a  period  of  two  weeks  for  their  benefit.  We  have  allowed 
the  town  to  bear  the  expense  of  maintaining  this  hospital,  and  also  the 
cost  of  the  board  and  lodging  of  the  other  family  while  this  board  kept 
them  out  of  their  home. 

Medford. 

The  work  of  the  board  has  been  materially  increased  during  the  past 
year  by  placing  in  its  charge  the  inspector  of  plumbing,  connecting  with 
sewers,  and  the  ordinance  passed  by  the  Cattle  Commissioners,  Jan.  23, 
1896,  requiring  the  muzzling  of  dogs. 

At  the  close  of  the  year  a  circular  was  sent  to  physicians  who  had  re- 
ported cases  of  diphtheria  to  the  board  during  the  year,  eliciting  the  fol- 
lowing information :  Eighty-two  cases  were  reported.     From  55  of  these 
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oases  CDltnres  were  taken  and  sent  to  Tafts  or  E 
laboratories,  or  to  tLe  State  Board  for  bacteriologic 
theria  bacillus  was  present  in  45  cases;  in  10  no 
present.  Antitoxin  was  used  in  59  cases.  Deaths 
where  antitoxin  was  used.  Arrangements  have  b 
State  Board  of  Health  whereby  microscopical  exam 

Mklrose. 

The  correctness  of  the  reports  of  contagions  disei 
b;  the  concealment  of  cases  of  sickness  with  the  n 
and  scarlatina.  This  comes,  perhaps,  from  a  relu 
posted  npon  the  house,  and  persons  sometimes  t 
by  not  employing  any  physician.  But  this  is  no 
clearly;  "When  a  house-holder  knows  that  a  pei 
aick  with  .  .  .  any  contagioua  disease  ...  he 
notice  to  the  board  of  health.  .  .  .  Any  person 
.  .  .  shall  be  punished  by  a  fine  not  exceeding  one 

The  board  has  endeavored  to  have  the  sewer 
possible  by  the  people,  and  therefore  has  followed 
sewer  by  a  house-to-house  distribution  of  circulars 
of  speedy  connection  with  the  sewer,  and  urging  ei 

MiDDLEBOBOtJGB. 

There  has  been  no  serious  outbreak  of  disease  i 
year.  In  .Tanuary,  a  cose  of  diphtheria  was  report 
upon  investigation,  we  were  satisfied  was  contracte 

The  board  firmly  believes  that  the  time  has  c 
vested  in  local  boards  by  the  statute  of  1891  sh( 
village,  and  the  owners  on  the  line  of  the  sewer  be 
not  a  privy,  vault  or  cesspool  can  be  found  along  i 
has  beoi)  laid. 

The  iittenlion  to  the  use  of  the  street  as  a  dumpi 
other  arlicles  too  numerous  to  mention  is  asked. 

MlLLBCRY. 

For  the  immediate  protection  of  the  citizens  of 
arranged  to  have  pathoiogical  examination  madi 
town,  from  cultures  from  tlie  throat  when  diphthi 
tubeM  and  swabs  can  be  found  at  the  drug  stores  ol 
will  bo  furnished  free  by  tlie  State  Board  on  applit 
Worcester  Iward  of  health. 
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Newton. 

The  board  complied  with  the  order  of  the  Cattle  Commissioners  and 
instructed  the  police  to  seize  all  unmuzzled  dogs,  confine  them  at  the 
nearest  station  and  report  to  headquarters.  A  man  was  then  employed 
to  visit  the  stations  daily  and  take  the  captured  animals  to  the  pound, 
which  was  established  at  the  city  farm.  One  hundred  and  thirty-six  dogs 
were  captured  by  this  method  during  the  period  of  ninety  days,  of  which 
seven  were  shot  and  the  remainder  returned  to  their  owners  upon  compli- 
ance with  the  order  of  the  Commissioners. 

A  new  rule  requiring  live  fowl  to  be  restrained  upon  the  premises  of  the 
owner  or  keeper  was  adopted  by  the  board  during  the  year,  and  will  un- 
doubtedly render  our  streets  more  sightly  by  removing  all  manner  of  live 
fowl  from  them.  The  keeping  of  swine  in  a  rapidly  growing  suburban  city 
is  not  favored  by  the  board,  and  only  under  the  most  favorable  circum- 
stances will  it  be  allowed. 

The  bacteriological  examination  of  cultures  from  suspected  throats  as  an 
aid  to  the  diagnosis  of  diphtheria  has  been  continued  during  the  year  and 
has  been  of  great  service  to  physicians.  These  examinations  are  made  free 
of  charge  to  the  patients,  and  the  practice  will  be  continued  during  the 
coming  year,  but  under  slightly  changed  conditions.  The  type  of  the  dis- 
ease has  been  fully  as  severe  during  the  past  as  during  previous  years ; 
many  very  severe  cases  having  been  in  the  contagious  wards  of  the  Newton 
Hospital.  Many  of  the  deaths  have  occurred  in  cases  where  there  was  some 
delay  in  administering  the  antitoxin,  owing  to  the  fact  that  a  physician  was 
not  called  until  the  patient  had  been  ill  for  two  or  three  days.  The  board 
strongly  urges  the  advisability  of  the  early  administration  of  antitoxin. 

The  board  last  year  referred  to  the  need  of  a  detention  ward,  where  sus- 
pected cases  of  disease,  notably  diphtheria  and  scarlet-fever,  could  be  held 
under  observation  if  necessary,  and  it  again  draws  attention  to  this  need. 
Such  a  ward  would  be  very  valuable  in  a  case  of  suspected  diphtheria,  say, 
occurring  in  a  domestic  in  a  family  where  there  are  young  children. 

North  Adams. 

Two  hundred  and  eighty-one  official  notices  have  been  ser^'ed.  Ten 
cases  have  been  prosecuted  for  not  obeying  orders  of  the  board. 

The  Notch  water-shed  is  very  small,  comprising  only  two  farms  and  one 
or  two  ^^  wood-lots."  The  slope  on  either  side  of  the  stream  is  steep,  and 
the  buildings  dangerously  near  the  water.  As  the  city  was  building  a  large 
reservoir  on  this  stream  the  board  considered  it  advisable  that  it  purchase 
the  farms,  remove  all  the  buildings  and  allow  the  whole  water-shed  to  grow 
up  to  timber.  Acting  on  this  belief  it  conferred  with  the  State  Board  of 
Health,  and  its  opinion  being  confirmed  the  matter  was  laid  before  the 
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iDBjor,  and  upoo  hie  reoommendstion  the  pnrohaf 
made. 

The  board  woald  call  attention  to  the  necewit 
tagious  diaeaaea. 

North  ATiXEBORouaH. 

We  feel  that  there  would  be  much  lea§  frictioi 
muDtainiag  good  aanitary  coaditiona  throughout  t 
Been  fit  to  authorize  a  yearly  exaininatiOD  of  al 
public  buildiogB,  under  the  direction  of  the  board. 

There  is  ooe  by-law  of  the  town  that  ia  conati 
people  of  the  towu,  and  especially  in  the  businese 
refer  to  the  strewing  of  paper,  etc.,  around  the  atn 

During  the  past  year  the  State  Board  of  Heal 
examination  of  the  discharges  from  the  throata  of 
affected  with  di|>htberia ;  and  also  of  the  sputa  ol 
tuberculosis.  We  are  unable  to  state  how  many  < 
and  forwarded  to  Boston  for  bacteriolt^ical  exami 
themselves  of  this  privilege  have  failed  to  mahe  a 
of  these  examinations  was  well  illustrated  in  one 
that  no  evidence  of  diphtheria  could  be  found.  T 
showed  hie  good  judgment  by  isolating  the  famil 
case  was  removed  by  the  report  of  the  examinatioi 
the  throat.  Thus,  without  further  delay,  the  fai 
the  hardships  attendant  u|>on  quarantine. 

The  State  provides  antitoxin  for  the  use  of  towi 
for  such  favor,  that  detailed  records  of  the  cases 
should  be  kept  and  forwarded  to  the  State  Board, 
has  been  used  in  the  early  stage  of  the  disease  tl 
satisfactory.  Out  of  twelve  reported  cases  only 
In  one  of  the  fatal  coses  the  child  was  not  seen  n 
bund;  in  the  other  case,  death  was  due  to  pan 
membrane  having  entirely  disappeared. 

Norwood. 
Sivinc  in  the  centres  of  population  are  regardeti 


The  sanitary  arrangements  of  public  buildings  in 
people  are  houHed  should  be  in  harmony  with  mode 
is  never  more  true  than  in  the  matter  of  scbool-boui 

The  lioard  of  health,  in  the  interest  of  commo 
every  one  to  refrain  from  expectorating  in  any  put 
ance  except  into  receptacles  provided  for  the  purpt 
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Orange. 

The  amount  of  sickness  has  been  far  less  than  usaal.  Contagious  and 
infectious  diseases  have  been  unknown ;  the  death-rate  has  been  10  per 
cent,  less  than  an  average. 

QUINCT. 

The  general  health  of  the  city  has  been  very  good,  no  serious  epidemic 
of  contagious  disease  prevailing,  nearly  all  the  cases  that  have  occurred 
being  of  a  mild  type,  yielding  readily  to  medical  treatment.  The  danger 
from  diphtheria,  that  dreaded  disease,  has  now  by  the  use  of  antitoxin 
been  greatly  lessened,  and  the  death-rate  lowered. 

The  board  unanimously  recommends  that  a  more  efficient  service  for  the 
collection  of  the  garbage  of  the  city  be  maintained.  By  so  doing  it  will  be 
of  great  benefit  to  all,  and  the  cleanliness  and  health  of  the  city  much  im- 
proved. 

Personal  visits  and  inspections  of  all  the  public  buildings,  school-houses, 
etc.,  have  been  made  by  the  members,  and  defects  and  nuisances  been 
remedied. 

PiTTSFIBLD. 

One  practice  in  our  schools  is  without  doubt  a  fruitful  method  of  trans- 
mitting infection.  We  refer  to  the  method  of  collecting  pencils  used  by 
pupils  during  the  day  and  passing  them  out  indiscriminately  the  following 
day.  We  trust  that  the  school  authorities  will  order  this  practice  perma- 
nently discontinued,  as  pernicious  in  its  effects.  When  a  pupil  is  reported 
as  sick  with  scarlet-fever  or  diphtheria  the  books  used  by  such  pupil  should 
at  once  be  burned.  It  is  to  be  regretted  that  one  school  building  should  be 
made  the  store-house  for  all  the  old  books  from  all  other  schools  in  the  city. 
These  old  books,  as  soon  as  unfit  for  use,  should  be  destroyed  at  once. 
The  general  drinking  cup  should  be  a  thing  of  the  past,  as  it  is  a  source  of 
danger.     P^ach  child  should  have  a  cup  of  his  own,  as  is  the  case  in  many 

schools. 

Plymodth. 

During  the  months  of  April  and  May  an  inspection  of  the  town  was 
made,  and  the  contents  of  sixty-eight  cesspools  and  privy  vaults  were  or- 
dered removed.  A  number  of  complaints  have  been  made,  all  of  which 
have  been  investigated.     Eight  houses  have  been  connected  with  the  sewer, 

by  order  of  the  board. 

Provincetown. 

Every  year  our  town  seems  to  be  becoming  more  popular  as  a  summer 
resort,  and  we  ought  to  co-operate  in  making  our  shores  not  only  clean, 
but  just  as  attractive  as  possible.  Let  us  place  no  obstruction  in  the  way 
of  the  summer  guest  enjoying  our  shore  privileges.  We  would  recommend 
that  measures  be  taken  to  do  away  with  shore  sewerage,  also  all  promiscu- 
ous dumping  of  fish  from  wharves,  etc. 
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Reverb. 
The  work  of  connectisg  bouses  with  the  pubtl 
onsly  kf  pt  up,  aod  we  trust  that  old-f&shiooed  t 
pOOlB  will  BOOD  cease  to  be  a  menace  to  the  health  o 
desirable  improvements  have,  of  necessity,  been 
of  rigid  economy.  Less  complaint  has  been  mad 
genes  than  ever  before.  A  sharp  eye  has  been 
very  gratifying  improvement  in  their  general  cond' 
donment  of  one  large  plant.  The  enforcement 
plumbing  is  bringing  about  a  aure  change  for  th 
the  work  done,  and  an  added  safeguard  againat 
with  slight  exception,  have  cheerfully  complied  i 
the  board,  and  only  in  one  instance  has  our  aotb 
The  inspection  baa  been  thorough,  and  accomplish^ 

Salkx. 
The  board  has  encouraged  the  ase  of  antitoxin 
the  policy  of  furnishing  it  whenever  there  was  <: 
would  not  be  used.  Practically,  this  resnited  i 
remedy  by  the  board  for  nearly  every  case.  It  k 
a  correct  record  of  Uie  number  of  cases  in  whict 
complete  reports  coald  not  be  obtained  from  all  pi 
in  a  very  large  majority  of  the  oases. 

Sbaros. 
The  favorable  health  conditione  that  have  preva 
the  year  have  required  but  little  service  from  the  b 

SOVERVILLE. 

The  number  of  loads  of  ashes  collected  during  tfc 
The  house  offal  has  been  collected  by  the  city  d 

same  system  that  has  been  employed  in  the  removt 
The  collection  of  night-soil  during  the  year  has 

okl-fasbioned  privy-vaults  have  been  almost  entire! 

S  FBI  NO  FIELD. 

The  health  of  the  city  has  been,  on  the  whole, 
serious  epidemic  of  communicable  dieeaaes.  Typ 
46  times,  chicHy  in  May  and  August.  Id  the  latt 
cases  were  discovered  in  ward  5  and  the  adjacen 
seemed  to  have  a  common  origin.  The  patien 
supply  from  a  farm  in  a  neighboring  town.     We 
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yoang  woman  had  lived  during  a  portion  of  the  month  of  May ;  that  she 
had  become  ill  and  left  the  farm  about  May  23,  and  at  the  time  of  this 
investigation  was  suffering  from  typhoid  fever.  The  use  of  this  milk  was 
forbidden  until  it  was  evident  that  there  was  no  reason  to  fear  further  con- 
tamination and  the  epidemic  ceased. 

The  use  of  the  diphtheria  antitoxin,  which  was  unusual  at  the  beginning 
of  the  year,  is  now  common  and  results  in  saving  many  lives.  Forty-five 
cases  received  this  treatment  and  5  of  them  died,  while  of  the  48  cases 
treated  in  other  ways,  21  died.  But  in  3  of  the  5  fatal  cases  the  antitoxin 
was  used  when  the  patient  was  already  near  death,  so  that  in  those  cases 
where  the  antitoxin  was  properly  used  only  4^  per  cent,  died,  while  47  per 
cent,  of  the  others  perished.  That  is,  cases  treated  by  antitoxin  did  ten 
times  as  well  as  cases  not  so  treated. 


Taunton. 

No  alarming  epidemic  has  occurred,  although  the  three  important  con- 
tagious diseases,  diphtheria,  scarlet-fever  and  measles,  have  been  present 
in  the  city  to  some  extent  almost  continuously  throughout  the  year. 

Diphtheria  was  decidedly  less  than  the  previous  year,  and  at  no  time 
was  the  disease  especially  confined  to  one  locality  to  any  marked  degree. 
The  board  has  continued  to  distribute  antitoxin  gratis  to  the  physicians, 
which  has  been,  as  also  during  the  previous  year,  furnished  to  us  at  no 
expense  by  the  State  Board  of  Health.  In  November  the  board  took  advan- 
tage of  the  offer  of  the  State  Board  to  make  free  cultures  for  the  Klebs- 
Loeffler  bacillus  of  diphtheria.  Stations  where  the  culture  tubes  may  be 
obtained  have  been  established.  This  offer  of  the  State  Board  in  regard  to 
antitoxin  and  culture  examination  applies  equally  to  the  adjacent  small 
towns  for  which  our  board  is  headquarters. 

The  number  of  nuisances  reported  at  this  office  and  entered  in  the 
nuisance  record  book  for  the  year  has  been  227,  an  increase  of  30  over 
the  preceding  year.  The  majority  of  the  complaints  have  been  for  over- 
flowing or  foul  privy  vaults,  sink  drains,  cesspools,  garbage  heaps  and  foul 
catch-basins.  The  routine  pursued  by  the  board  in  cases  of  nuisances  has 
been  for  the  agent  to  visit  the  premises  where  the  alleged  nuisance  exists ; 
if  the  nuisance  is  real  the  proper  person  is  notified  verbally  or  by  written 
notice  to  abate  the  nuisance  within  a  reasonable  time  specified.  If  at  the 
end  of  that  time  no  steps  have  been  taken  towards  abatement,  legal  notice 
is  served  upon  the  party,  requiring  him  to  abate  the  nuisance  under  pen- 
alty of  the  law.  A  continued  negligence  to  abate  is  followed  by  a  com- 
plaint lodged  with  the  police  department  summoning  the  person  into  court. 
The  greatest  nuisance  of  all,  and  one  over  which  the  board  appears  to  be 
powerless,  is  Mill  River.  During  the  summer  months  the  complaints  from 
this  source  were  constant  and  unceasing.     This  vast  sink-drain,  receiving 
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the  contents  of  Dameroaa  privies,  sinks,  cewpools 
tuners  of  flltti,  daring  the  hot  we&tber  is  a  source 
ance  to  the  unfortunate  residents  along  ita  banks, 
be  cODfessed  add  their  little  or  large  share,  as  it 
undne  amoaot  of  foul  deposit  id  the  stream. 

TCWKSBCRT. 

A  child,  aged  three  years  and  seven  months,  * 
theria,  being  the  first  to  show  the  disease,  and  hac 
quiring  intubation,  the  tube  remalDiiig  in  the  laryn 
a  fall  recovery.  The  remaining  cases  were  sabjec 
soon  BS  the  disease  appeared,  and  though  they  had 
form,  all  made  full  and  perfect  recoveries,  which  I 
to  the  antitoxin  Ueatment  used,  and  skilled  nursini 

Waltham. 

It  has  been  the  policy  of  this  board  to  maintain  i 
admirably  set  forth  by  its  predecesBorB  in  regard 
city,  realising  that  eternal  vigilance  is  the  price  o 
that  the  application  of  the  best  and  latest  scienti 
to  the  physical  well-being  of  any  community. 

We  have  strenuously  insisted,  as  far  as  possibi 
all  buildings  with  the  sewer  system,  when  such  bnil 
of  sewer  pipes. 

Diphtheria.  —  There  were  75  cases,  with  5  deatd 
removed  to  the  Waltham  Hospital  for  isolation,  an 
sible,  in  every  case  where  the  proper  quarantine  r 
carried  out  at  the  paticat's  home.  To  prevent 
qnarantine  too  soon  for  safety  to  others,  the  traard 
which  requires  that  two  negative  bacteriological  n 
three  days  apart,  before  the  restrictions  of  the  qna 

Ware. 
Diphtheria  antitoxin  is  in  general  use  by  physic 
care  of  diphtheria  cases.     The  results  following 
good,  and  familicB  generally  are  now  willing  to  hav 

Warren. 

Scarlet-fever  has  been  so  mild  that  parents,  ii 

recognized  it,   or  no  attention   has    been    given  t 

children  have  been  allowed  to  mingle  with  the  publ 

One  unrecognized  case  makes  mischief,  and  to  a 
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recognized  cases  have  been  the  cause  of  the  continued  epidemic  of  this 
disease  during  the  past  three  years. 

The  board  of  health  has  obtained  from  the  State  Board  of  Health  the 
establishment  of  a  station  where  all  physicians  can  procure  culture  tubes, 
to  be  used  where  diphtheria  is  suspected,  also  diphtheria  antitoxin  for  the 
treatment  of  this  disease. 

Fifty-six  children  were  vaccinated,  as  a  part  of  the  work  of  the  board, 
this  year. 

Watertown. 

Rules  governing  the  use  of  the  bath-house  were  adopted,  and  the  work 
has  been  conducted  satisfactorily  since  that  time,  giving  apparent  satisfac- 
tion to  the  people. 

A  slaughter- bouse  has  been  a  source  of  annoyance  and  trouble  to  the 
boards  of  health  for  several  years.  The  proprietor  was  given  every  reason- 
able opportunity  to  keep  his  place  in  a  presentable  condition,  and  to  obey 
the  provisions  of  the  law  as  he  knew  them.  It  was  only  after  repeated 
complaints  of  violation  of  the  law  that  it  became  necessary  to  take  the 
extreme  measure  which  was  resorted  to.  It  is  very  unfortunate  that  a 
man  should  be  deprived  of  earning  a  livelihood  such  as  he  selects  for  him- 
self, but  it  is  much  more  important  that  he  should  have  no  opportunity  to 
spread  contagion  and  disease  among  people  by  the  slaughter  of  tubercu- 
lous animals,  and  the  opportunity  to  put  such  food  into  the  market. 

Many  complaints  were  made  about  the  keeping  of  large  numbers  of 
swine  within  the  town  limits,  although  outside  of  the  scope  of  the  rule 
formerly  established  by  the  board  of  health.  On  May  29,  1896,  the  rule 
was  changed  so  that  now  no  swine  can  be  kept  in  any  part  of  the  town 
without  a  license  from  the  board  of  health.  The  result  has  been  a  gradual 
diminution  in  the  number  of  swine  kept  in  close  proximity  to  rapidly  grow- 
ing localities  outside  of  the  former  one-mile  limit  where  licenses  were  not 
required. 

It  has  been  demonstrated  by  thousands  of  cases  that  the  early  adminis- 
tration of  antitoxin  will  cure  nearly  every  case  of  diphtheria.  The  point 
that  the  board  wishes  to  emphasize  is  that  it  should  be  injected  in  the  be- 
ginning of  the  disease,  and  that  parents  should  hasten  to  report  cases  of 
sore  throat  to  their  physicians.  The  State  Board  of  Health  manufactures 
antitoxin  in  its  own  laboratories,  and  furnishes  it  free  of  cost  to  any  physi- 
cian. A  supply  of  this  remedy,  obtained  from  the  State  Board,  is  always 
kept  on  hand  by  our  board,  and  will  be  furnished  to  any  physician  who 
applies  to  the  agent. 

Many  patients  have  been  known  to  have  the  germ  in  the  throat  long 
after  all  other  symptoms  have  disappeared.  Such  a  person  is  still  capable 
of  spreading  the  disease,  and  should  not  be  allowed  to  attend  school  until 
the  culture  is  found  to  no  longer  contain  the  typical  germ.     Impressed 
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with  the  importance  of  this  precaution,  the  board  ^ 
with  diphtberia  sbould  be  coaBJdered  reoorered  un 
foand.  The  State  Board  of  Health  makes  these  < 
furnishes  the  proper  boxes  for  taking  the  culture. 

Westfield. 

We  make  a  much  more  favorable  report  of  the  g 
of  the  town  than  in  our  last.  Our  mortality  recon 
and  the  decrease  in  cases  of  contagions  and  iofe 
cou  raging. 

We  believe  the  town  ia  beginning  to  reap  a  He 
expended  in  her  grand  water  supply,  extending  tl 
drainage,  oollection  and  removal  of  garbage  by  oui 
thorough  improvements  which  are  being  made. 

Copies  of  the  act  of  1896,  chapter  418,  have  be 
bakeries,  as  required  by  the  act,  and  a  coniplian< 
insisted  upon,  as  far  as  could  be  done,  in  tbe 
The  improvements  are  quite  satisfactory. 

Whitman. 
The  past  year  has  been  proliflc  of  work  in  the 
plained  of,  and  sanitary  irregularities  to  remedy, 
complaints  reported  and   attended  to,   against  s 
Thirty-nine  quarantine  cards  posted,  against  thirty 

WiSCHSSTEK. 

It  having  been  brought  to  our  notice  that  owner 
where  tbe  public  sewer  bad  been  completed,  were 
of  tbe  privilege  of  making  honse  connections  w 
issued  to  property  owners  on  those  streets  in  whi( 
1894  the  following  notice  :  — 

You  iirti  hereby  notified  tbal  the  {lublic  sewer  on  tl 
estate  :ibut»  is  completed,  and  that  yaur  buildings  sboi 
si'wer,  by  a  good  and  siifllcicnt  drain,  iramedlalelj. 

Oonai-i-tion  will  be  niude  for  you  nt  a  price  not  excet 
material,  by  the  sewer  lonimissioneni,  on  application  6 

You  nre  respectfully  re'|ueMed  lo  file  your  applicatit 

To  Ibis  notice  or  circular  was  attached  a  oopy  o 
laws  of  1890,  entitled  "  An  Act  to  provide  for  O 
public  sewers." 

Contagious  diseases  have  been  largely  in  exoesi 
theria,  particularly,  has  given  us  much  trouble  aoc 
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think,  to  the  fact  that  parents,  when  there  is  a  case  of  diphtheria  in  the 
family,  vrill  not  strictly  confine  their  other  children  to  their  own  premises. 
We  have  had  quite  a  ran  of  malarial  fever,  and  the  laying  of  our  new 
sewer  is,  by  many,  thought  to  be  the  cause.  This,  however,  cannot  be  the 
fact.  There  is  no  reason  why  the  digging  up  of  our  streets,  when  the  soil 
is  mostly  sand,  should  generate  or  liberate  malarial  germs. 

WOBURN. 

With  the  advent  of  the  sewers  there  is  a  decided  improvement  in  the 
drainage  of  the  city. 

The  number  of  cases  of  diphtheria  for  the  past  year  was  eighty-six,  two 
of  which  were  fatal. 

During  the  year  the  board  undertook  and  carried  out  the  work  of  clean- 
ing out  Horn  Pond,  a  large  pond  of  about  one  hundred  acres,  into  which 
the  drainage  of  tanneries  had  been  discharged  for  many  years,  and  which 
had  become  offensive  in  consequence  of  the  growth  of  large  quantities  of 

foul-smelling  algae. 

Worcester. 

Public  baths  have  been  repeatedly  recommended  in  our  annual  reports, 
and  it  is  a  matter  of  gratification  to  this  department  that  the  establishment 
of  the  same  is  apparently  near  realization.  Regatta  Point,  if  it  can  be 
procured,  is  probably  the  best  spot  for  location,  but  if  it  cannot  be  had 
there  should  be  no  diflSculty  in  obtaining  permission  from  the  parks  com- 
mission to  locate  on  a  part  of  the  Lake  Park. 

Bacteriological  Department.  —  The  work  of  this  department  during  the 
year  has  been  satisfactory,  and  continues  to  justify  its  establishment.  In 
several  cases  where  death  has  been  sudden,  and  suspicions  of  diphthcriii 
aroused,  we  have  been  able,  through  its  aid,  by  cultures  made  after  death, 
to  fix  the  disease  positively,  and  thus  fortified  have  taken  the  necessary 
precautions  to  prevent  its  further  spread.  Nine  hundred  and  forty-seven 
coltures  in  all  were  examined  during  the  year. 

All  the  known  bakeries  of  the  city  have  been  inspected  and  a  copy  of  the 
act  posted  in  each.  Orders  have  been  issued  to  make  the  alterations  found 
necessary. 

In  August  last  a  report  was  received  of  three  cases  upon  the  route  of  a 
milkman  who  lived  in  a  neighboring  town,  and  a  visit  was  paid  to  his 
house,  where  he  was  found  sick  in  bed  suffering  with  what  was  said  to  be 
**  malarial  fever."  A  call  by  telephone  the  next  morning  upon  the  physician 
in  attendance  disclosed  the  fact  that  it  was  typhoid.  It  was  also  found 
that  there  was  a  case  of  it  in  the  family  of  the  man  from  whom  the  milk 
peddler  received  more  than  half  bis  whole  supply.  He  kept  no  cows 
himself,  buying  all  of  the  milk  from  neighboring  farmers.  Prompt  mea«- 
nres  were  taken  to  prevent  any  further  spread  of  the  disease  from  this 
floarce.     In  all,  eight  cases  were  reported,  with  two  deaths,  among  families 
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vbo  received  their  milk  from  this  peddler.  All  < 
begiDuiDg  about  the  same  time.  No  new  cuet 
eymptoms  beg&n  aabeequent  to  the  precaatioos  tal 
B8  waB  mentiooed  above. 

The  Isolation  Hospital,  for  the  treatment  of 
diphtheria  and  scarlet-fever,  was  completed  dm 
opened  for  tlie  reception  of  patients  Kovembe: 
separate  pavilion  plan  was  tbe  one  selected  by  t1 
conBists  of  four  separate  buildings,  arranged  somi 
hollow  square. 

The  following  niles  have  been  adopted  by  the  b 
of  the  hospital :  — 

1.  FatienU  may  be  admitted  to  the  privileges  of  the 
health,  at  such  rates  of  board  as  it  may  from  time  to  tin 

2.  In  all  cases  where,  in  the  opinion  of  the  board, 
,  patient  will  warrant  it,  the  whole  or  a  part  of  the  boani 

3.  Patients  admitted  to  the  Isolation  Hospital  cannot 
unless  such  patients  are  dangerously  ill. 

4.  Inquiries  concerning  such  patients  may  be  made 
of  health,  ur  by  telephone  at  the  hospital. 

5.  If  a  patient  should  become  dangerously  ill,  the 
will  be  notified,  with  so  intimation  that  he  may  be  visite 
cases  only  one  visitor  will  be  allowed. 

6.  Visitors  are  advised :  — 

a.  Not  (o  enter  any  of  the  wards  when  in  a  we 

exhausted  condition. 

b.  To  pnrtake  of  food  before  entering  the  hos]: 
e.    To  avoid  touching  the  patient  or  CTposing  tl 

to  the  emanations  from  his  skin. 
d.    To  sit  on  a  chair  at  the  bed-side  at  somi 
patient,  and  not  to  handle  the  bed-clothes 

7.  Visitors  will  be  required  to  wear  a  gown,  whicli 
hospital,  to  cover  their  dress  when  in  the  wards,  and  to 
with  n.  disinfecting  solution. 

8.  Each  visit  must  ba  limited  in  time,  and  friends  m 
by  tlie  resident  physician  or  the  nurse  in  charge. 

9.  No  visitor  shall  l>e  allowed  to  give  any  article  of 
unless  by  permission  of  the  nurse. 

10.  No  visitor  will  be  allowed  to  take  any  meal  iu  t 
night  therein,  without  permission  from  the  board  o: 
physician. 

1 1.  When  tho  patient  ceases  to  be  dangerously  ill  fri 
13.     Religious  services  for  tbe  dead  may  be  held  in  thi 

is  strictly  limited  to  the  ofQciating  clergyman  and  It 
Immediate  family. 

13.  Visitors  are  strongly  urged  not  to  enter  any  st 
conveyance  iui mediately  after  leaving  the  hospital. 


No.  34.]  HEALTH  OF  TOWNS.  895 


NOTE. 

The  following  iDformatdon  should  have  been  inserted  on  page  682,  at  the  close 
of  the  two  years'  summary  of  the  use  of  antitoxin,  but  was  received  too  late  for 
insertion  at  that  point :  — 

Use  of  Antitoxin  for  Immunisation. 

Antitoxin,  furnished  by  the  State  Board  of  Health,  was  employed  at  the  Chil- 
dren's Hospital,  for  the  purpose  of  immunisation,  as  follows :  — 

During  the  year  ending  March  31, 1896,  in         .        .        .      678  patients 
During  the  year  ending  March  31, 1897,  in         .        .        .      511  patients 

Total, 1,189  patients 

No  record  was  kept  with  reference  to  complications  or  sequels  in  these  cases, 
but  a  note  from  the  superintendent  states  that "  urticaria  occurred  in  only  a  small 
number  of  cases  and  these  were  not  particularly  noteworthy.^* 

In  three  cases  only  did  diphtheria  develop  after  injection  of  antitoxin  for  im- 
munisation, in  one  case  in  36  days  and  in  two  cases  in  23  days. 

There  was  occasionally  "some  tenderness  for  twenty-four  hours  at  the  seat 
of  injection,  but  it  soon  passed  off.'* 
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RiportBd  CUM  of . 

Slipoul  of  wute  llqnon  from  Indnitrlal  worhi     . 
Doane  Pond,  North  Brookfleld,  examlaallon  of  water  ol 
Dow'i  Brook,  Ipcwich,  eiamlnatloo  of  watCT  of     ,       .       . 

Dragi,  Inspection  ol 

Adalterallon  of 

Dry  Brook  RcMrvolr,  Adams  and  Chesblre.  examination  of  waM 
Dnfc  Pond,  Natlck.  examlnailon  of  water  of    . 

Uelgbts  of  water  in 

Drsanterj,  mortalltj  l^om  (taUea) 

Eaat  Acton.  adTict  of  Board  relatlTa  to  propocad  watw  anpplr 
Bait  Brldgewaier,  roniamptlon  of  water  In  (tee  Bildgewater) 

Water  luppl;  of  (see  Brldgsn  aler) 

Baathampton,  water  snpptj  of,  eiaralnalloo  of 

Bast  Meadow  KlTer.  ilavsrhlll,  eiimliiatloi)  ot  water  of 

Easton,  consumption  of  water  In 

BaatoD,  Nortb  Eaaion  Village  DIstriet,  water  nppl?  ot,  ezamlna 
Elder's  Pond,  Lakevllla.  examination  of  water  of  . 
Erfslpelas.  mortality  from  (tables) 

Weekly  anmmary  ot  death*  from 

Everett,  consuniptlon  of  water  In  (see  Boston,  Myallc  Works) 

lleallb  of 

Water  sapply  of.  examination  of  (tee  Boston,  Uyillc  Works; 

Examination  of  rivera 

Examination  of  water  euppllea 

Examinations  ot  water  made  doring  1B9G       .... 

Expendlmres 

Experiment!  upon  ilie  pnrlScatlon  of  sewage  by  filtration  at  tb 

Bxperlmeots  npon  (lie  pnriQcallon  ot  water  b;  filtration  at  the  Ll 

SUllon       ,        .        .        .- 

Experlmenlinpon  tbefUTV&<»\uknQ(  water  containlnglron,  at  Pi 


INDEX.  903 

FAOB 

FairhftTeo,  oonfampdon  of  water  io 411 

Water  snpplj  <}f,  examinatioii  of 146 

Fall  Riyer,  coniamption  of  water  In 411 

Health  of 876 

Water  sopply  of,  ezaminatioii  of 147 

Farm  Pond,  Sherbom,  examination  of  water  of 806 

Fleld'f  Brook,  Hatfield,  examination  of  water  of 161 

Fflten ,  experimental,  for  sewage  poriflcation  at  Lawrence 486 

Experimental,  fbr  water  purification  at  Lawrence 506 

ntehbnrg,  health  of 877 

Nashoa  Riyer  below,  examination  of 400 

Water  supply  of,  examination  of 150 

Fire  Mile  Pond,  Springfield,  examination  of  water  of 326 

Flora  Olen  Reservoir,  Williamstown,  examination  of  water  of 366 

Flow  of  streams 4,  420 

Food  and  drug  inspection 601 

Number  of  samples  examined 601 

Summary  of  work  done  daring  the  year 601 

Summary  of  work  of  previous  years 603,  604 

Analysis  of  milk  of  known  purity 605,  628 

Adulterated  milk 602,627 

Local  inspection  of  milk 623 

Food,  other  than  milk 631 

Drugs 607,636 

Cities  and  towns  to  which  notices  were  sent  on  account  of  adulterated  milk   .  607 
Cities  and  towns  to  which  notices  were  sent  on  account  of  adulterated  food,  other 

than  milk 608 

Cities  and  towns  to  which  notices  were  sent  on  account  of  adulterated  drugs .       .  608 

Prosecutions 608 

Summary 612 

Fines 613 

Expenditures 614 

Proprietary  medicines,  inspection  of 614 

Report  of  Dr.  C.  P.  Worcester  on  analyses  of  food  and  drugs 623 

Summary  of  food  statistics 635 

Milk  of  western  Massachusetts 641 

Report  of  Prof.  C.  A.  Ooessmann  upon 644 

Foxborougb,  Van  Choate  Electric  Company,  advice  of  Board  relative  to  sewage  dis- 
posal    67 

Foxborough  Water  Supply  District,  Foxborough,  consumption  of  water  in  .       .       .  411 

Water  supply  of,  examination  of 152 

Framingham,  consumption  of  water  in 411 

Sewage  disposal  at 582 

Reservoir  No.  2,  Boston  Water  Works,  examination  of  water  of    ...       .  108 

Reservoir  No.  3,  Boston  Water  Works,  examination  of  water  of    .       .       .       .  112 

Water  supply  of,  examination  of 153 

Underdrain  beneath  sewers,  examination  of  water  of 155 

Franklin,  consumption  of  water  in 411 

Health  of 877 

Water  supply  of,  advice  of  Board 15 

Examination  of 156 

Fresh  Pond,  Cambridge,  examination  of  water  of 131 

Heights  of  water  in 136 

Fulling  Mill  Pond,  Hingham,  examination  of  water  of 171 

Gardner,  consumption  of  water  in 411 

Health  of 878 


Oudoer  —  Concluded. 

Sew»tt«  dbpoM)  at 

Water  tnppl;  of,  e 
OalM  Pond,  Bcrlia,  ei4iiiliialioiiorwtiter  of  . 

Height*  of  water  la 

Oenenl  nport 

OlnfRr,  laipaction  of 

QliDdcn,  mor1«llt]>  IWmi  (Ublea)  .... 
Qlcn  Loria  Pond,  Ljnn,  cxamlnatloD  of  wuar  of  . 

Helflhti  of  water  In 

QIODceater,  coiuninpElon  of  waur  Id        .        .       . 

Heallhot 

Water  lappl;  of.  eiamlnatloD  or  •  .  . 
Olover  Spring,  SoDthbridgs,  sxamlnatioii  of  nter  ol 
Ootiiinann.  Prof.  C.  A.,  report  od  milk  of  wetlara  H 
Oradon,  consumption  of  water  In 

'Wslcr  inpplj  of,  sxamloatlon  of 

Oreal  Pond,  Randolph  and  Bralntree,  eiamliiatfoii  ot  water  of 
Onat  Pond.  Weymonth,  examination  of  watBT  of   . 
Oreal  (Julttacas  Pond,  I^kevllle,  ezaminatioD  of  water  of     . 
Qreai  Sonih  Pond,  Plymoncb,  examination  of  watwof  . 
Oreenaelil,  mllli  of 

Walei  supply  of,  examloatlon  of 

Oreen  lUrlior  Rivei,  InmtlgalloD  of 

GrOTelind  and  Boiford,  Jobnton'i  Pond,  examloattoo  of  water 
Gunner')  Enchange  Fond,  Plymouth,  examlnatloD  of  water  of 

HafCRCii'i  I'ood,  AjidoTer,  examination  of  water  ot 
HalfwBT  Pond,  PlymoDtb,  examination  of  water  of 
Harvard  (Hllilralh  Bros.),  adTlce  of  Board  at  to  propoaed  nppl 

F.xamlnalioa  of  water  from  tubular  welU  with  lefUeoce  to  | 
Hatchet  Brook  Reienolr,  Southbridge,  examluatlon  of  waur  of 
Hatchet  Pond,  Woodstock,  Conn.,  examlnatloa  of  water  of  . 
UatAeld,  water  iupplr  of,  advice  of  Board      .... 

Examination  of 

Hathanrnj  Brook  Reaerrolr,  Pittafleld,  examinaUoD  of  water  fro 
HaTcrhill.  hrattb  of 

Water  sapplf  of,  examination  of 

HeigblsufwalerlnlakH 

HaTcrhill  (Real  Estate  Improvement  Cotnpanr),  adTlce  ot  Boar 

Eitamlnallon  of  water  from  a  well 

Ha;aeg  tteaervoir,  Leomluliter,  examinatlou  ot  water  of 

Head,  loaa  of,  dally  bacterial  reaalta 

Health  of  (owna 

Heart  di«a«a,  mortality  from  (tablea) 

Heigbla  of  water  In  ponda  and  reaervolra  : 

Boaton  Water  Work*,  lakei  and  storage  reaerrolra  . 

llrockton,  Sallatinry  Brook  atorage  reierroir    . 

Cambriil^e.  Preih  Pond  and  Stony  Brook  ilorage  reaerrolr 

Haverhill,  lakei 

Uudaon,  Galea  Pond  IBerlin) 

Lyno  and  Saagoa.  ponds  and  atorage  reaervoira  . 

Mnldfn,  Medford  and  Melrose,  Fipot  Pond  (Stoneham)    . 

Natlck,  Dng  Pond 

New  Bedford,  Acushnet  Reservoir  and  Little  Qoittacai  Poiu 

Norwood,  Buckuiasler  Pond  (Dedham)    .... 
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Heights  of  water  in  ponds  and  reserroin  —  Omeluded. 

Quincj,  storage  resenroir 2^4 

Salem  and  Beverly,  Wenham  Lake 804 

Springfield,  Ludlow  Resenroir 321 

Worcester,  Leicester  and  Holden  storage  reservoirs 384 

Heywood's  Pond,  Sterling,  examination  of  water  of 140 

Hlngham  and  Hall,  water  supply  of,  examination  of 170 

Hinsdale  Fire  District,  Hinsdale,  water  supply  of,  examination  of       ...       .  171 

Hobart's  Pond,  Whitman,  examination  of  water  of 363 

Hobb's  Brook,  Waltham,  examination  of  water  of 135 

Holbrook,  consumption  of  water  in  (see  Randolph) 412 

Water  supply  of.    (See  Randolph,  page  294.) 

Holden,  examination  of  water  fh>m  Quinepoxet  River  at 402 

Holden  storage  reservoir,  Worcester,  height  of  water  in 384 

HoUiston,  consumption  of  water  in 411 

Water  supply  of,  examination  of .  173 

Holyoke,  water  supply  of,  examination  of 174 

Honey,  inspection  of 632 

Hoosac  River,  examination  of,  at  Williamstown 397 

Hopedale,  water  supply  of  (see  Milford) 177 

ip^pkinton,  consumption  of  water  in 411 

Examination  of  water  of  Indian  Brook  (Boston  Water  Works)     ....  07 

Horn  Pond,  Wobum,  examination  of  water  of 374 

Honsatonic  River,  examination  of,  at  New  Lenox 398 

Howard  Brook,  Kingston,  examination  of  water  of 189 

Hudson,  water  supply  of,  examination  of 178 

Heights  of  water  in  Gates  Pond,  Berlin 179 

Hall,  water  supply  of.    (See  Hingham,  page  170.) 

Huntington,  advice  of  Board  in  relation  to  proposed  water  supply        ....  19 

Examination  of  water  with  reference  to  proposed  water  supply       ....  180 

Syde  Park,  consumption  of  water  In 411 

Water  supply  of,  advice  of  Board 20 

Examination  of  Neponset  River  at 182 

flyde  Park  and  Milton,  water  supply  of,  examination  of 180 

Hydrophobia,  mortality  from  (tables) 809 

Illegitimate  births.    (See  Births.) 

improvement  of  Charles  RKer xxiii 

Report  of  joint  board  upon xxxv 

improvement  of  Neponset  meadows xxiv 

Report  of  State  Board  of  Health  npon  sanitary  condition  and        ....  Ixi 

odian  Brook,  Hopkinton,  examination  of  water  of  (Boston  Water  Works)               .  97 

nfant  mortality,  in  Massachosetts  (table) 760 

Of  cities 762 

nlDCtious  diseases,  prevalence  of vill 

Small-pox,  prevalence  of vili 

Cases  of,  reported  to  Board  in  1896 Ix 

Typhoid  fever,  prevalence  of x 

Consumption,  circular  npon xvi 

Diphtheria,  work  of  Board  relating  to zvli 

Malarial  fever,  work  of  Board  relating  to xvti 

Bacteriological  department  for  Investigations  relative  to  the  prevalence  of     .       .  xxll 

Cases  of,  reported  to  the  Board,  1896 846 

Cases  of,  reported  to  local  boards  of  health,  1896 838 

nfluensa,  mortality  from  (tables) 808 

Qspection  of  food  and  drags.    (See  Food  and  Drag  Inspection.) 


iDientite  and  InttrnMtonil  lUtliilca 

Ip>«lcb,  conaampUoD  of  wuerlD 

HeiiKh  ot 

WstBr  iDpplj  of,  uItIcc  ot  Board  nlUlTS  to  poUnUon  of 

Examliutloii  of 

Iron  Broalc,  8betH«ld.  «xainlnailaD  of  nai«r  of  .  .  . 
Inn  Id  groniid  walen,  prewnce  of 

JobnMD'i  Pond,  Boxford  and  Oronland,  adTlm  ot  Bo»d  rt\ 

Examloalfon  of  walirof 

Jonatban'*  Pond,  Warebam.  examinallon  of  vater  of  . 


ScDoia  Lake,  HaTerblll,  examination  of  water  of  ■ 

[lolgbii  of  *at«r  In 

Krni  Rftrrrotr  '(Leicciter  lopply),  Worc«itet,  examiaailoD  ot 

KldncT  diMasu.  nionalitj  from  (tablea)         .... 

KliDball't  Pond,  AioMliDTy,  examination  of  water  ot     . 

lilnfistoD,  waier  luppl;  of,  advice  of  Board     .... 
ExamlnaUon  ot 

Lakeville: 

Bxamlnatfon  of  wxtcr  of  Allawompaett  Pond 

Of  E1der-|  Pond 

Of  Gnat  Quittacaa  Pond 

01  LUtle  QuKtBcM  Pond 

Of  Long  Pond 

IIei|2bU  of  water  In  LIttIa  Qnlttacai  Fond 
Lanciilei,  examination  of  NHhiia  Hirer  at    . 

Water  lupply  of  (tee  Clinton) 

Lsrd.  iTupeclinn  of 

Laivieace  Experiment  Station,  detailed  acconnl  of  work  at,  In  I 
Laorenre  cltj  fllier,  »per>tlon  of,  witb  tablea  of  dallj  reinlti 

Water  supplj  of,  examinalion  of 

Merrimack  Rlrsr.  examination  of  water  of   • 

Flow  of  Heriiinnck  River  at 

Pliirallon  of  Lawrence  netage 

Lead  polFunlng 

Leireater  Water  Supply  District,  Leicester,  water  anpplj  of,  exi 

Sen-Hge  disposal  of 

Undcrdralns  ix^neatb  icwcrs,  examlniilon  of  water  of 
Lelccalur  alorags  reservoir,  Worcester,  beigbt  of  water  In 
Leomiti9tar,  water  atippi;  of,  exaroioation  ot  . 
Luxlnston,  consumption  of  water  In 

Ileallhof 

Water  suppi?  of,  examination  of 

Lincoln,  water  siipplj  of  (»ee  Concord) 

Examlnallun  of  water  from  3andir  Pond  .... 
Little  Qiilitaras  Pond,  Lalteviilo,  examination  of  water  ot     . 

Hti\ghU  of  wnicr  in 

Little  Suulb  Pond.  Piymontb,  examination  of  water  of . 

Local  honrd*  of  benlih 

LimKiiiendnw,  eonsninptlon  of  water  In 

Water  supply  of,  exnminatloii  of 

Long  Pond,  LakeTlllc,  eximinaiion  of  water  of      .       .        . 
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lioon  Pond,  SpriDgfleld,  examination  of  water  of 325 

Loot  Pond,  Pljmoath,  examination  of  water  of 288 

Lowell,  consumption  of  water  in 411 

Health  of 879 

Water  supply  of,  examination  of 204 

Merrimack  River,  examination  of  water  of 204,399 

Lower  Sandra  Reservoir,  Westborough,  examination  of  water  of 358 

Ludlow,  water  supply  of  (see  Springfield) 207 

Examination  of  water  of  Chapin  Pond 321 

Ludlow  Reservoir,  Springfield,  examination  of  water  of 315 

Heights  of  water  in 321 

Lung  diseases,  acute,  weekly  summary  of  deaths  from 836 

Lynde  Brook  storage  reservoir  (Leicester  supply),  Worcester,  examination  of  water  of  376 

Heights  of  water  in 384 

Lynn,  health  of 880 

Lynn  and  Sangus,  consumption  of  water  in 411 

Water  supply  of,  examination  of 207 

Heights  of  water  in  ponds  and  storage  reservoirs 219 

Mace,  inspection  of 633 

Malaria,  prevalence  of 700 

Circular  of  information  relating  to  the  diagnosis  of 701 

Malarial  fever,  work  of  Board  relating  to xvii 

Mortality  fh)m 808 

Weekly  summary  of  deaths  from 836 

Maiden,  consumption  of  water  in 411 

Health  of 882 

Water  supply  of,  examination  of       .               222 

Maiden,  Medford  and  Melrose,  water  supply  of,  examination  of 220 

Heights  of  water  in  Spot  Pond,  Stoneham 222 

Manchester,  consumption  of  water  in 411 

Advice  of  Board  relative  to  pollution  of  Central  Pond 72 

Water  supply  of,  examination  of 223 

Mann  Reservoir  (Leicester  supply),  Worcester,  examination  of  water  of      .       .       .  378 

Mansfield  Water  Supply  District,  Mansfield,  consumption  of  water  in  ...       .  411 

Water  supply  of,  examination  of 224 

Manual  of  health  laws xviii 

Manufacturing  sewage,  purification  of 428 

Number  of  bacteria  in 451-459 

Maple  sugar,  inspection  of 632 

Maple  syrup,  inspection  of 632 

Mar blehead,  consumption  of  water  in 411 

Health  of 882 

Water  supply  of,  examination  of 224 

Marllx)rough,  consumption  of  water  in 411 

Health  of 882 

Sewage  disposal  at 590 

Examination  of  water  of  Walker's  Brook  (Boston  Water  Works) ....  110 

Water  supply  of,  examination  of 225 

Marriages 724 

And  rates  by  five,  ten  and  twenty  year  periods 724 

By  ages 726 

By  nativity 727 

By  races 729 

By  months 730 

Marshfield,  Brant  Rock,  water  supply  of,  examination  of 230 


HaiatchaMlM  Hotptlftl  for  BpUeplici,  Hoiuon,  •zamliiBtloa  of' 

reHrroIr  md  brook  witb  refacenoe  to  w*ier  inpply 
Uusftchasetti  School  for  Ihe  FMble-mloded,  Walthim,  w&tcr 

ExkBlnttlon  of 

HusachuMlU,  vital  itatlitlct  ot  (»  forty  fMn'  tammary),  by 

Board 

MajDanI,  coniamptloa  of  irater  Id 

Water  sapply  of,  Bxamlaatlon  of 

Meatles,  mortality  from  (ublci) 

Weekly  lammary  ot  Jeathi  from 

Reponeil  c«ms  of 

Hedfleld.  eiaminatloa  of  vaMr  fh>m  a  iprlng 

Heallliof 

Sewage  disposal  at 

Medfleld  Inuns  Aljlam,  iraler  lupplj  of        ...        . 

AdTlct  uf  Board 

Medford,  bealth  of 

Water  iiapply  of,  Examination  of  (Me  alio  Halden,  Hedtord 

UDderJralQi  beneaih  gewsra,  extimlnailoii  of  wftier  ot 

Medtrsl  examloera,  rttome  of 

Medway,  ulvlce  of  Board  relalire  lo  propoaed  water  lapply  • 

Examl[iallun  of  water  from  teit  wells  and  tpring    . 

Eiamlnalloa  of  water  ftum  Cbarlei  River 
H«dn>y  Water  Company,  Med  war,  advice  of  Bo«Td  relalire  io  ; 
Heeltng-bouM  Pond,  Weilmlniter,  examination  ot  water  ot  . 
Htlruae,  rutiiampilon  ot  water  in 

Health  of 

Water  supply  of,  examination  ot  (ne  alio  Maiden,  Medfbrd 
Herrimac,  advice  of  Board  relative  lo  propoied  water  tnpply 

Examtantlon  of  water  from  tesl  welli.  Back  River  and  Gobi 
Herrfmaek  River,  examliiailon  ot  (see  alio  Utwrenee  and  Lonel 

At  Lawrence 

AtLon-etl 

AvCTHge  weekly  flow  of,  1896 

Flow  of,  at  Lawrence 

Fillratlon  ot  water  of 

Hetbaen,  consampilun  of  water  In 

Water  supply  i>r,  examination  ot 

Melropolliaa  aewerage  commlulon,  advice  of  B4rd  relative  lo  a 
Metropulitan  sower&ge  cummlaslon  (Dorcbesler  likerceptlDK  ae* 
relative  to  a  lyatem  ot  sewage  diapcal 

Mldilleburougb,  bealib  of 

Mlddleborougb  Fire  District,  Middleborongh,  ronsnmption  of  wi 

Water  anpply  of.  examination  of 

Middletun,  water  aupply  ot  (aee  Dsavers)        .... 

Mllford.  coiiHumplion  of  water  In 

Milk: 

Adulieraled 

Inspection  ot 

From  cities,  621 ;  from  towns,  6'l!i ;  trom  suspeclcd  piodac 

AtiiLlyala  ofmilk  ofknonn  purity 

Milk,  condensed,  Inspection  of 

Hill  Itrooli,  Northfleld,  advice  ot  Board  relative  to  pollntloo  of 

Examination  of 

Mill  Brook  KBservoIr,  Pittsfield,  examlnatiun  ot  water  of 
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MUIbory,  health  of 894 

Water  supply  of,  examlDation  of 240 

MiUer*8  Falls,  MoDtagae,  proposed  water  sapplj  of 248 

Advice  of  Board 80 

Mill  ham  Brook,  Marlboroogh,  examination  of  water  of 226 

Millham  Brook  storage  reservoir,  Marlboroagh,  examination  of  water  of     .       .       .   227,  228 

Millis,  water  supply  of,  examination  of 240 

Millvale  Reservoir,  Haverhill,  examination  of  water  of 167 

MiUviUe,  examination  of  Blackstone  River  at 392,  393,  396 

Milton,  consumption  of  water  in 411 

Water  supply  of,  examination  of 240 

Mine  Brook,  Franklin,  examination  of  water  of 157 

Molasses,  inspection  of 632 

Monson,  water  supply  of,  examination  of 241 

Monson,  Massachusetts  Hospital  for  Epileptics,  examination  of  water  from  test  wells, 

reservoir  and  brook,  with  reference  to  water  supply       .....  241 

Montague,  consumption  of  water  in 411 

Montague,  Miller's  Falls,  proposed  water  supply  of 243 

Advice  of  Board  relative  to SO 

Montague,  Turner's  Falls  Fire  District,  water  supply  of,  examination  of      .       .       .  242 

Morse  Reservoir,  Leominster,  examination  of  water  of 199 

Mortality  reports : 

Statistics  of  disease  and  mortality 833 

Summary  of  weekly  reports  of  cities  and  towns 834 

Total  deaths S36 

Deaths  of  children  under  five  years 836 

Acute  lung  diseases 836 

Consumption 836 

Diarrhoeal  diseases 836 

Diphtheria  and  croap 836 

Measles 836 

Scarlet-fever 836 

Typhoid  fever 836 

>  Whooping-coui?h,  malarial  fever,  erysipelas,  puerperal  fever  and  oerehro-spinal 

meningitis 836 

Morton  Brook  Reservoir,  Chicopee,  examination  of  water  of 138 

Mustard,  inspection  of 633 

Mystic  Lake  (Boston  Water  Works),  examination  of  water  of 118 

Nahant,  consumption  of  water  in  (see  Swampscott) 412 

Water  supply  of  (see  Swampscott) 243 

Nantucket,  consumption  of  water  in 411 

Water  supply  of,  examination  of 243 

Nashua  River,  examination  of 400 

North  Branch,  below  Fitchbnrg 400 

North  Branch,  at  Lancaster 401 

Stillwater  River  at  Sterling 402 

Quinepoxet  River  at  Holden 402 

South  Branch,  above  Clinton 403 

South  Branch,  at  Lancaster 404 

Natick,  consumption  of  water  in 412 

Sewage  disposal  of 597 

Advice  of  Board  relative  to  proposed  system  of 61 

Water  supply  of,  examination  of 245 

Heights  of  water  in  Dug  Pond 247 

Needbani,  consumption  of  water  in 412 

Water  supply  of,  examination  of 'J47 
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Neponset  meadoirs,  sanltarj  condition  and  improYement  of xxiv 

Report  of  Sute  Board  of  Health  upon Ixi 

Neponset  Reservoir,  Walpole,  advice  of  Board  relative  to  poUatioo  of  ...        .  76 

Kepontet  River,  examination  of,  at  Hjue  PariK 1^ 

New  Bedford,  oonsamption  of  water  in 412 

Water  aopplj  of,  examination  of 248 

Heighu  of  water  in  Acashnet  Reservoir  and  Little  QoiUacas  Pond        ...  251 

Newburyport,  oonaamption  of  water  in 412 

Water  sapplj  of,  examination  of 252 

New  Lenox,  examination  of  Houiatonic  River  at S96 

Newton,  consumption  of  water  in 412 

Health  of 885 

Water  supply  of,  examination  of 253 

Main  anderdrain,  Hjde  Brook  division,  examination  of  water  of   ....  254 

Main  underdrain.  Cheesecake  Brook  division,  examination  of  water  of  .        .        •  255 

Main  underdrain,  beneath  Laundry  Brook  valley  sewer,  examination  of  water  of  •  296 

Newton  Reservoir  (Buckman  Brook),  Athol,  examination  of  water  of .       .        .        •  92 

Nitrification,  efibct  of  winter  weather  upon 431, 436 

Nitro^n,  storage  and  loss  of.  experiments  upon,  in  sewage  filters  at  Lawrence    .        .  473 

Storase  of,  in  sand  of  experimental  sewage  filters  at  La  wrenoe       ....  471 

North  Adams,  health  of 883 

Milk  of 644 

Water  snpply  of,  advice  of  Board  relative  to  protection  of 73 

Examination  of 237 

Northampton,  water  supply  of,  advice  of  Board 31 

Examination  of ' 239 

Norili  A ttiel)orough,  consumption  of  water  in 412 

Health  of 886 

Water  supply  of,  examination  of 264 

North  borough,  water  snpply  of,  examination  of 265 

North  Brookfield,  consumption  of  water  in 412 

Water  sui)ply  of,  examination  of 26$ 

North  Easton  Village  District,  Easton,  water  supply  of,  examination  of      •        .        .  145 

Nortlifiold,  advice  of  Board  relative  to  protection  of  water  of  Mill  Brook  fh>m  pollution  74 

Examination  of  water  from  Mill  Brook 271 

North  Pond.  Orange,  examination  of  water  of 274 

North  Watuppa  Lake,  Fall  River,  examination  of  water  of 147, 148 

Norwood,  consumption  of  water  in 412 

Health  of 8ii6 

Water  supply  of,  examination  of 2?2 

Heights  of  water  in  Buckmaster  Pond 274 

Notch  Hr(K)k  storage  reservoir,  North  Adams,  examination  of  water  of        .        .        .  257 

Nutmeg,  inspection  of 633 

Otfenslve  trades xriii 

Oldham  Pond,  Pembroke,  examination  of  water  of 2!$3 

Olive  oil,  inNpection  of 632 

Onjjct  IJay  Fire  District,  Wareham,  consumption  of  water  in 412 

Water  supply  of,  examination  of 347 

Oramre,  consumption  of  water  in 412 

Health  of • 887 

Water  supply  of,  examination  of 274 

Orr's  Spring,  Attleborough,  examination  of  water  of 93 

Palmer  Fire  District,  Palmer,  water  supply  of,  examination  of 277 

Paper  mills,  purification  of  waste  liquors  from 439 

Paul  Brook  Ue80r\o\T,NV\\\v«iVR%\oy»Tv,^"s.«.\!ELination  of  water  of      .....  366 
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Paxton,  Bottomlj  Pond,  examination  of  vater  of 380 

Peabody.  consumption  of  water  in %  412 

Water  supply  of,  advice  of  Board  relatiye  to  protection  of 75 

Examination  of 277 

Peabody  and  Salem,  sewage  disposal  and  drainage  of xxIt 

Report  of  State  Board  of  Health  upon xlv 

Pembroke,  examination  of  water  of  Big  Sandy  Pond 38 

Of  Oldham  Pond 283 

Of  Silver  Lake 281 

OfTubb's  Meadow  Brook 283 

Pen  tucket  Lake,  Ilaverhill,  examination  of  water  of 166 

Heights  of  water  in 168 

Pepper,  inspection  of 633 

Permanency  of  sewage  filters 471 

Pine  Brook,  Kingston,  examination  of  water  of 189 

Pittsfifld,  health  of 887 

Water  supply  of,  advice  of  Board 33 

Examination  of 283 

Plain ville,  water  supply  of  (see  Wrentham) 77, 384 

Pleasant  Lake,  Montague,  examination  of  water  of 242 

Plymouth,  health  of 887 

Water  supply  of,  advice  of  Board 35 

Examination  of 286 

Pnenmonia,  mortality  from  (tables) 765,  766,  767,  768-771,  798 

Pollution  of  ponds  and  streams 70 

Pond  Brook,  Gardner,  examination  of  water  of 590 

Population  of  cities  and  towns  having  and  not  having  public  water  supplies         .       .   409,  721 

Population  of  Massachusetts 716 

Orowth  of 716 

By  sexes 718 

By  ages 719 

By  nativity 720 

By  races 721 

Of  cities  and  large  towns,  estimated,  1896 853 

Powderhorn  Brook  Reservoir,  Chicopee,  examination  of  water  of 139 

Pownal,  Vt.,  Broad  Brook,  examination  of  water  of 258 

Powow  Hill  Water  Company,  Amesbnry,  examination  of  water  of       ...       .  85 

Precipitation,  chemical,  of  sewage  at  Lawrence 464,479 

Prodigiosus,  Bacillus,  method  of  application  to  water  filters  at  Lawrence             .       .  683 

Proprietary  medicines,  inspection  of 614 

Prosecutions 608 

Provincetown,  consumption  of  water  in 412 

Health  of 887 

Experimental  water  filter  at 5 

Water  supply  of,  examination  of * .  289 

Puerperal  fever,  weekly  summary  of  deaths 836 

Purification  of  sewage  in  cities  and  towns  in  Massachusetts 581 

Purification  of  sewage  and  water.    (See  Sewage,  Experiments  upon  Filtration  of;  and 
Water,  Experiments  upon  Filtration  of.) 

Qaantitativeefl9ciency  of  experimental  water  filters  at  Lawrence 507 

Qnequechan  River,  at  Fall  River,  examination  of  water  of 150 

Qolncy,  consumption  of  water  in 412 

Health  of 887 

Water  supply  of,  examination  of 291 

Heights  of  water  in  storage  reservoir 294 

Qninepoxet  River  at  Holden,  examination  of  water  of 402 
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Rainfall,  nonnal,  in  MaisachniettB 413 

At  nine  places  in  Maaeachasetts,  geographieallj  lelected 414-419 

Randolph  and  Holbrook,  consampUon  of  water  in 412 

Water  sapply  of,  examination  of 294 

Rate  of  filtration,  of  experimental  sewage  filten  at  Lawrenoe 485 

Of  experimental  water  filters  at  Lawrence 507 

£  fleet  of,  upon  efBciencj  of  water  filters SOS 

Reading,  consamption  of  water  in 412 

Water  supply  of,  examination  of 295 

Recommendations  to  the  Legislature xxx 

Removal  of  bacteria.    (See  Bacteria.) 

Removal  of  organic  matter.    (See  Chemical  Pnriflcation.) 

Revere,  health  of 88$ 

Revere  and  Winthrop,  consumption  of  water  in 412 

Water  snpi^l.v  of,  examination  of 296 

ReTere  Water  Company,  advice  of  Board  relatire  to  water  supply        ....  37 

Rheumatism,  mortality  from 809 

Rirers,  examination  of •  389 

Flow  of  (see  also  Sudbury  River  and  Merrimack  River)         ....    191,  420, 421 

Roaring  Brook,  Huntington,  examination  of  water  of 180 

Roaring  Brook,  Washington,  examination  of  water  of 348 

Roberts'  Meadow  Brook,  Northampton,  examination  of  water  of         ....  259, 253 

Rockland,  consumption  of  water  in  (see  Abington) 411 

Water  supply  of  (see  Abington) 300 

Rock  port,  consumption  of  water  in 412 

Water  supply  of,  examination  of 300 

Rosemary  Brook,  Wellesley,  examination  of  water  of 355 

Routine  work  of  Board xxvii 

Sacket  Brook  Reservoir,  Pittsfield,  examination  of  water  of 283 

Salciii,  consumption  of  water  in 412 

Health  of 888 

Salem  and  Beverly,  water  supply  of,  examination  of 302 

Uelghts  of  water  in  Wenham  Lake 301 

Salem  and  PealKxly,  newage  disposal  and  drainage  of xxiv 

Iiei>ort  of  State  Board  of  Health  upon xlv 

Salisbury  Brook  storage  reservoir,  Brockton,  examination  of  water  of         .        .        .  126 

Heights  of  water  in 128 

Saltonstall  I^ke,  Haverhill,  examination  of  water  of 165 

Heights  of  water  in 168 

Sandy  Pond,  Lincoln,  examination  of  water  of H2 

Saagus,  consumption  of  water  in  (see  Lynn) 411 

WatiT  supply  of  (see  Lynn) 30| 

Saugus  River,  examination  of  water  of,  at  Sangus 216 

At  lino  ))etween  Saugus  and  Wakefield 217 

Sawdy  Pond,  Webt)K)rt,  examination  of  water  of 149 

Scarlet-fever,  mortality  from  (tables) 761,  763,  767,  768-771,  774 

Reported  cases  of 841,  842 

Weekly  summary  of  deaths  from 536 

Scott  Reservoir,  FItchburg,  examination  of  water  of 150 

Sedimentation,  purification  of  sewage  by,  at  Lawrence 478 

Sewage : 

ExiK'riments  upon  filtration  of,  at  the  I>awrence  Experiment  Station     .        .        .  427-^505 

Purilication  of  manufacturing  sewage 428 

Removal  of  arsenic  by  coke  or  iron 430 

Conclusions 438 
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StWAge  —  Continued,  paqb 
Purification  of  manofacttiring  eewage  —  Concluded, 

Waste  llqnors  from  paper  milif 439 

Coke  strainer  for  paper  liqaor 444 

Screening,  sedimentation  and  chemical  precipitation 444 

Waste  liqnors  fh>m  rinsing  and  scouring  wool 445 

Solid  matters  in  manafactaring  wastes 450 

Fats  in  manafactaring  sewages 450 

Bacteriology  of  manafactaring  sewages  and  of  the  efflaents  flrom  filters  Nos.  71 

to  76 \       ,  451 

Increase  in  number  of  bacteria  in  sewages  which  have  been  allowed  to  stand  for 

several  days 455 

Wool-scoaring  liquors 456 

Micro-organisms  found  in  river  water  receiving  tannery  sewage  ....  457 

Filtration  of  Lawrence  sewage 459 

Character  of  sewage  used  at  the  Experiment  Station 459 

Comparison  of  strength  of  Station  sewage 466 

Composition  of  sewage 466 

Manufacturing  sewages 467 

Disposal  of  f^esh  and  stale  sewage 468 

Permanency  of  sewage  filters 471 

Experiments  upon  storage  and  loss  of  nitrogen 473 

Removal  of  sludge  from  sewage 475 

Forced  filtration  with  aeration 476 

Filtration  through  gravel  with  a  current  of  air  forced  up  through  the  gravel      .  477 

Sedimentation 478 

Chemical  precipitation 479 

Straining  through  coke 479 

Conclusions 479 

Yearly  average  analyses  of  sewage  and  effluent,  1888-96 480 

Asbes  or  cinders  as  filtering  material 484 

Average  purification  of  Lawrence  sewage  by  the  several  filters  in  1896   .       .       .  484 
Experiments  upon  the  rapid  filtration  of  sewage  from  which  the  sludge  has  been 

removed  by  difierent  methods 486 

Filter  No.  1,  experiments  upon  purification  df  sewage  by  coarse  sand    .  486 

Analyses  of  sewage  applied  to  filter 463 

Average  purification 485 

Storage  of  applied  nitrogen 471 

Filter  No.  2,  experiments  upon  purification  of  sewage  by  fine  sand         .       .       .  487 

Average  purification 486 

Filter  No.  4,  experiments  upon  purification  of  sewage  by  very  fine  sand  with 

trenches  filled  with  coarse  sand 487 

Average  purification 485 

Filter  No.  5  A,  experiments  upon  purification  of  sewage  by  fine  gravel  .       .       .  489 

Average  purification 485 

Filter  No.  6,  experiments  upon  purification  of  sewage  by  mixed  coarse  and  fine 

sand 490 

Analyses  of  sewaf^  applied  to  filter 463 

Average  purification 485 

Storage  of  applied  nitrogen 471 

Filter  No.  9  A,  experiments  upon  purification  of  sewage  by  medium  fine  sand       .  490 

Analyses  of  sewage  applied  to  filter 463 

Average  purification 485 

Storage  of  applied  nitrogen 471 

Filter  No.  10,  experiments  upon  purification  of  sewage  by  mixed  coarse  and  fine 

sand 491 

Average  purification 485 
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Sewage—  Conchuied. 

Filters  No«.  12  A,  15  B,  10  B,  experimenU  apon  the  pariflcation  of  sewage  bj  fittra- 
tion  throagb  frraTel  with  the  aid  of  a  carreot  of  air,  and  filtration  of  resulting 

effluents  through  medium  fine  sand 492 

Average  purification  (filters  Nos.  15  B  and  16  B) 485 

Filter  No.  13  A,  experiments  upon  the  purification  of  sewage  flrom  which  sludge 
has  been  partially  removed  by  sedimentation,  by  filtration  through  medium 

finerand 495 

Analyses  of  sewage  applied  to  filter 463 

Filter  No.  14  A,  experiments  upon  the  purification  of  sewage  by  medium  fine  sand  496 

Analyses  of  sewage  applied  to  filter 464 

Filter  No.  19,  experimenU  upon  purification  of  sewage,  from  which  sludge  has 

been  partially  removed  by  chemical  precipitation,  by  medium  fine  sand       .  497 

Analyses  of  sewage  applied  to  filter 464 

Filter  No.  21  A,  experimenU  upon  purification  of  sewage  by  fine  sifted  gravel,  aided 

by  a  current  of  air 497 

AverHge  purification 485 

Filter  No.  22  A.  experimenU  upon  purification  of  sewage  by  fine  coke  breeze        .  498 

Filter  No.  r>9,  experiments  ui>on  the  purification  of  sewage  by  gravel     ...  499 

Filter  No.  (>5,  experimenU  upon  the  purification  of  sewage  by  coke  breese    .        .  501 

Filter  No.  66,  experimenU  upon  the  purification  of  sewage  by  gravel    ...  502 

Avcrafre  purification 4S5 

Filter  No.  67,  experimenU  upon  the  purification  of  sewage  by  sand       ...  502 

Filter  No.  80,  experimenU  niwn  the  purification  of  sewage  by  ooal  a»hes               .  504 

Filter  No.  81,  experiments  upon  the  purification  of  sewage  by  cinders.  .        .        .  504 

Sewase  purification  of  cities  and  towns  in  MassachusetU 581 

At  Hrockton 681 

At  Framingham 582 

At  Gardner 587 

At  Leicester 590 

At  MarUwrough 690 

AtMedfield 595 

AtNatick 597 

Sewerage  and  towage  disposal,  action  of  the  Board  in  reply  to  applications  for  advice 

concerning 49 

Sewerage  and  water  supply,  review  of  work  relating  to xxi 

Report  upon 3 

Sewerage  an  J  drainage  of  Salem  and  Peabody xxiv 

Report  of  State  Board  of  Health  upon xlv 

Sharon,  consumption  of  water  in 412 

Health  of 888 

Water  supply  of,  examination  of 304 

Shcfncid,  advice  of  Board  in  relation  to  a  proposed  water  supply 39 

Examination  of  water  from  springs  and  reservoir  with  reference  to  proposed 

water  supply 804 

SherlMjrn,  examination  of  water  from  Farm  Pond 306 

Sherman  Sprinf^  Re8ervoir,  Williainstown,  exan^ination  of  water  of     ....  365 

Silver  Lake,  Pembroke,  examination  of  water  of 281 

Small-pox,  prevalence  of Tiii 

Cases  of,  reported  to  the  Board  in  1896 ix 

Mortality  from  (tables) 761,  763,  767,  76»-.771,  772 

Smith,  Theobald,  M.I).,  and  £.  L.  Walker,  a  comparative  study  of  the  toxin  prodao- 

tion  of  diphtheria  bacilli,  by 649 

Comparative  study  of  forty-two  cultures  of  diphtheria  bacilli  and  of  four  cnttorea 

of  pseivliwliphtheria  bacilli  from  different  localities  in  Maasachoaetts,  by    •  659 

Smith's  Spring,  Sheme:d,  examination  of  water  of 305 
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Somerville,  consamption  of  water  in  (see  Boston,  Mystic  Works)         ....  411 

Health  of • 888 

Water  supply  of  (see  Boston,  Mystic  Works) 807 

Soathboroagb,  examination  of  water  of  Stony  Brook  (Boston  Water  Works)      .       .  Ill 

Sonthbridge,  water  supply  of,  examination  of 807 

South  Watuppa  Pond,  Fall  River  and  Westport,  examination  of  water  of    .       .       •  148 

Spading,  effect  of,  upon  water  filters 611 

Spices,  ground,  inspection  of 832 

Spot  Pond,  Stonebam,  examination  of  water  of 220 

Heights  of  water  in 222 

Springaeld,  health  of 888 

Milk  of 644 

Sewage  disposal  of,  advice  of  Board 82 

Water  supply  of,  examination  of •  810 

Heights  of  water  in  Ludlow  Reservoir 821 

Spring  Pond,  Peabody,  examination  of  water  of •  279 

Stafford  Pond,  Tiverton,  R.  I.,  examination  of  water  of 149 

Statistical  summaries  of  di&ease  and  mortality 83 

Summary  of  the  weekly  mortality  reports  from  cities  and  towns    ....  834 

Fatality  (ratio  of  deaths  to  cases)  from  certain  infectious  diseases  in  1896     .       .  838 
Reported  cases  of  infectious  diseases  in  Massachusetts  for  1896,  diphtheria  and 

croup,  scarlet-fever,  typhoid  fever  and  measles      .       .       .    *   .       .       •  841 
Reported  cases  of  infectious  diseases  in  Massachusetts.  1891-96,  diphtheria  and 

croup,  scarlet'fever,  typhoid  fever  and  measles 811 

Fatality  from  diphtheria,  scarlet-fever  and  typhoid  fever  in  England  for  1890-95  843 

Certain  infectious  diseases  reported  to  local  boards  of  health  in  1896  .       .       •  838 
Reports  of  diseases  dangerous  to  the  public  health  from  cities  and  towns,  under  the 

provisions  of  chapter  302  of  the  Acts  of  1893 844 

Cases  of  infectious  diseases  reported  to  this  Board  from  one  hundred  and  forty- 
four  cities  and  towns  during  1896 846 

List  of  towns  from  which  no  reports  were  received 849 

Returns  of  deaths  from  cities  and  towns  having  a  population  of  more  than  6,000  .  851 

Names  of  reporting  towns  and  cities  wiih  estimated  population  for  1896    .       .  853 
Total  deaths,  deaths  by  sexes  and  age  periods,  and  still-births  (table)        .        .    8-54-857 

Deaths  by  months  (table) 858-861 

Deaths  from  specified  causes  (table) 862-865 

Causes  of  death  (Uble) 866 

Statistical  tables xxviii 

Sterling,  examination  of  water  from  Heywood's  Pond 140 

Examination  of  Stillwater  River  at 402 

Still-births.    (See  Births.) 

Stillwater  River  at  Sterling,  examination  of  water  of 402 

Stockbridge,  water  supply  of,  examination  of 32f 

Sewage  disposal  of,  advice  of  Board  relative  to  proposed  system  of       .       .       •  62 

Stoneham,  consumption  of  water  in  (see  Wakefield) 412 

Water  supply  of  (see  Wakefield) 329 

Spot  Pond,  examination  of  water  of 220 

Heigbu  of  water  in 222 

Stony  Brook,  Boston,  examination  of  water  of 405 

Stony  Brook,  South Imrougb,  examination  of  water  of  (Boston  Water  Works)    .        .  Ill 

Stony  Brook  storage  roicrvoir,  Waltham,  examination  of  water  of       ...        .  133 

Heights  of  water  in 136 

Stoughton.  consumption  of  water  in 412 

Sudbury  River,  average  monthly  fiow  of,  in  1895 421 

Average  monthly  flow  of,  in  1896 420 

Average  weekly  flow  of  Sudbury  River  and  Merrimack  River       ....  421 
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Sndbarj  Rirer  —  Concluded, 

Rainfall  receiyed  and  collected  on  water-ched  of,  In  1896 422 

Yield  of  water-ihed»  1875-96 423 

Examination  of  water  of  (Boston  Water  Wivkf) 107 

Summary  of  food  statistics 635 

Summary  of  water  supply  statistics 409 

Summary  of  weekly  mortality  reports  from  cities  and  towns 834 

Summer  resorts,  inspection  of xiz,  6 

Swampscott  (Marblebead  Water  Company),  water  supply  of,  adrice  of  Board    .        •  40 

Swampscott  and  Nahant,  consumption  of  water  in 412 

Water  supply  of,  examination  of 329 

Syrup,  inspection  of  ...  ' 632 

Tannery  sewage,  puriflcation'  of 428 

Tatnuck  Brook  storage  reservoir  (Holden  supply),  Worcester,  examination  of  water  of  352 

Heights  of  water  in 384 

Taunton,  consumption  of  water  in 412 

Health  of 889 

Advice  of  Board  relative  to  sewage  disposal  of 63 

Water  supply  of,  examination  of 333 

Taylor  Ifrook,  Huntington,  examination  of  water  of 180 

Tea,  inspection  of      *. 634 

Tewksbnry,  health  of 890 

Tisbury,  consumption  of  water  in 412 

Water  supply  of,  examination  of 339 

Tiverton,  R.  I.,  examination  of  water  from  Stafford  Pond 149 

Town  Brook,  Quincy,  examination  of  water  of 291 

Tubb's  Meadow  Brook,  Pembroke,  examination  of  water  of 2S3 

Tuberculosis,  examinations  of  sputum  and  other  material  suspected  of  containing  the 

bacilli  of 707 

Circular  of  information  relating  to 708 

Turner's  Falls  Fire  District,  Montague,  water  supply  of,  examination  of      .        .        .  242 

Typhoid  fever,  in  Massachusetts x 

Prevalence  of x 

Deaths  from,  in  cities  of  Massachusetts,  1871-95 xiv 

Deaths  from,  in  cities  of  Massachusetts,  1896 xv 

Morulity  from  (tables) 761,  763,  767,  768-771,  779 

Reported  cases  of 841,  812 

Weekly  summary  of  deaths  fh>m 836 

Underdrains  beneath  sewers,  examination  of  water  of: 

Brockton 128 

Framingham 155 

Leicester 196 

Medford 233 

Newton 254 

Upper  Sandra  Reservoir,  Westborough,  examination  of  water  of Sn6 

Upper  Nankeag  Pond,  Ashbumham,  examination  of  water  of 89 

Ux bridge,  water  supply  of,  advice  of  Board 42 

Examination  of 339 

Examination  of  Blackstone  River  at 392,893,896 

Van  Choate  Electric  Company,  Foxt)orough,  advice  of  Board  relative  to  sewage  dis- 
posal            67 

Van  Horn  Reservoir,  Springfield,  examination  of  water  of 323 

Vine  Bro<^)k,  I^xlTifTton,  exsmination  of  water  of 201 

Vine  Brook  storage  reservoir,  I-exiugion,  examination  of  water  of       ...        .  201 
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Vinegar,  inspection  of 638 

Vital  statistics  of  the  Sute,  woric  of  the  Board  relating  to xxiii 

Vital  statistics  of  Massachusetts  (1856-96),  by  the  secretary  of  the  Board  ...  718 

Introdnction 713 

Population 716 

Growth  of  population 716 

Population  by  sexes 718 

Population  by  ages 719 

Population  by  nativity 720 

Population  by  races 721 

General  table  of  viul  statistics  (1842-96) 721 

Interstate  and  international  statistics 722 

Marriages 724 

And  rates  by  five,  ten  and  twenty  year  periods 724 

Relation  to  marriageable  population 725 

By  ages 726 

By  nativity 727 

By  races 729 

By  months 730 

Fecundity  of  marriages 731 

Births 733 

And  rates  by  five,  ten  and  twenty  year  periods 734 

By  sex 734 

In  other  countries,  by  sex 735 

By  months 736 

By  parent  nativity 737 

Plural  births 738 

Stlll-birihs 739 

Illegitimacy 740 

Sex  of  illegitimates 741 

Deaths 743 

And  rates  in  five,  ten  and  twenty  year  periods 743 

By  sexes 744 

By  months 744 

By  nativity 746 

By  ages 749 

Density  of  population  and  relation  to  death-rate 747 

Infant  mortality 7fiO 

Infant  mortality  of  cities 752 

Morulity  of  childhood  (one  to  five  years) 754 

Mortality  at  later  ages 765 

Causes  of  death 757 

Ten  prominent  canses 758 

Unknown  or  unspecified  canses 760 

General  tables  in  twenty-year  periods 761-771 

Small-pox 772 

Measles 778 

Scarlet-fever 774 

Decline  in  scarlet-fever 775 

Diphtheria  and  croup 777 

Typhoid  fever 779 

Relation  to  public  water  supplies 779 

Dysentery 782 

Cholera  infantum 783 

Diarrhceal  diseases 784 

Whooping-cough 785 
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Vital  ftatlstics  of  Massacbaietts  —  Concluded.  paos 
Caasei  of  death  —  Concluded. 

Consumption 785 

Death-rate  of  sexes  (tabic) 787 

Deaths  and  death-rates  at  wage-«am!ng  period  of  life  and  in  children     •       .  790 

Pneumonia 798 

Kidney  diseases 800 

Heart  diseases 801 

Brain  diseases 802 

Cancer 802 

Child-birth 804 

Minor  causes  of  death 807 

Cerebro-spinal  meningitis 807 

Erysipelas 80S 

Influenza 803 

Malarial  fever 808 

Rheumatism 809 

Hydrophobia 809 

Glanders 811 

Malifcnant  pnstnle 811 

Alcoholism  and  syphilis 811 

The  Imlance  of  mortality 813 

Returns  of  medical  examiners 817 

Suicide 819 

Deaths  by  lightning 820 

ViUl  statistics  of  cities 8*21 

Wakefleld  and  Stoneham,  consumption  of  water  in 412 

Water  supply  of,  examination  of B40 

Walden  Pond,  Lynn,  examination  of  water  of 212 

Heights  of  water  in 219 

Walker,  E.  L..  Theobald  Smith,  M.D.,and,  a  comparative  stndy  of  the  toxin  produc- 
tion of  diphtheria  bacilli,  by     649 

Comparative  6tudy  of  forty-two  cultures  of  diphtheria  bacilli  and  of  four  cnltares 

of  poeudo-diphtheria  bacilli  from  different  localities  in  Massachusetts,  by    .  S!i>9 

Walker's  Brook,  Marlborough,  examination  of  water  of 110 

Wallace  Pond,  Oloucoster,  examination  of  water  of 158 

Walpole,  advice  of  Board  relative  to  pollution  of  Neponset  Reservoir    ....  76 

Consumption  of  water  in 412 

Water  supply  of,  examination  of 3l2 

Waltham.  consumption  of  water  in 412 

Health  of 890 

Massachusetts  School  for  Feeble-minded  at,  water  supply  of,  advice  of  Board       .  23 

Examination  of  water  from  faucets  at 346 

Water  supply  of,  examination  of 343 

Examination  of  water  from  Hobb's  Brook 13j 

From  Stony  Brook  storage  reservoir 133 

Heights  of  water  In 135 

Wannacomet  Pond,  Nantucket,  examination  of  water  of 243 

Ware,  consumption  of  water  in 412 

Health  of 890 

Water  supply  of,  advice  of  Board 43 

PiXaniinatton  of 346 

Wareham,  Onset  Bay  Fire  District,  consumption  of  water  in 412 

Water  supply  of,  examination  of 347 

Ware  River,  examination  of  water  of,  at  Cold  Brook  station,  Barre      ....  40S 

Warren,  health  of 
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Wasbiogton,  examination  of  water  from  Clapp's  Pond  and  Roarisg  Brook  .       .       .  348 

WaBte  liqaors  fh>m  Industrial  works,  disposal  of 428 

Tannery  sewage 428 

Paper  making 439 

Wool  scoaring 445,  456 

Water: 

Experiments  apon  the  filtration  of,  at  the  Lawrence  Experiment  Station       .        .    606-578 

Outline  of  objects,  plans  and  results  of  experiments 506 

Summary  of  results  of  experimental  filtration  of  Merrimack  Rirer  water      .       .  507 

Discussion  of  bacterial  efllciency  of  the  filters 508 

Rates  of  filtration  and  bacterial  efllciency 506 

Regarding  shallow  and  deep  filters 509 

Effect  of  spading  surface  layers  of  deep  and  shallow  filters 611 

Regarding  intermittent  and  continuous  filtration      .    • 513 

Quantitative  capacity  of  intermittent  and  continuous  filters 516 

Air  dissolved  in  water  and  its  phybical  action  in  filtration 517 

Removing  air  from  filters 518 

Intermittent  and  continuous  filtration  of  water  more  polluted  than  Merrimack 

River  water 621 

Double  filtration  of  highly  polluted  waters 524 

Increased  numbers  of  bacteria  found  in  the  effluents  of  filters  after  standing 

closed  for  twenty-four  hours 525 

Period  of  service  of  a  filter  and  its  influence  upon  bacterial  efficiency  .       .       .  529 

Beach  sand  and  Berkshire  sand,  efficiency  of,  in  water  filtration         ...  531 

Character  of  Merrimack  River  water  applied  to  experimental  filters    ...  531 

Application  of  Bat  ill  us  prodigiosus 633 

Detailed  account  of  the  work  of  the  several  water  filters  in  1896     ....  525 
Histories  of  the  several  filters,  with  tables  of  analytical  results       .       .       ,       .   535,567 

Lawrence  city  filter,  with  tables  of  daily  results 568,  578 

Water,  purification  of,  by  sand  filtration 606 

Water  supplies,  examination  of 81 

Water  supply  and  sewerage,  action  of  the  Board  in  reply  to  applications  for  advice 

concerning 7 

Review  of  work  relating  to xxi 

Report  upon 3 

Water  supply  statistics,  summary  of 409 

Watertown,  health  of 891 

Watertown  ami  Belmont,  consumption  of  water  in 412 

Water  supply  of,  examination  of 349 

Water  works : 

Consumption  of  water 411 

Date  of  introduction  of,  into  cities  and  towns 410 

Number  of 3,409 

Ownership  of 410 

Wayland,  examination  of  water  of  Lake  Cochituate  (Boston  Water  Works)        .       .  114 

Water  supply  of,  examination  of       ...        * 352 

Webster,  consumption  of  water  in 412 

Water  supply  of,  examination  of 352 

Welieslcy.  consumption  of  water  in 412 

Water  supply  of,  advice  of  Board 43 

Examination  of 853 

Wenbam  Lalce,  in  Beverly  and  Wenham,  examination  of  water  of       ...       .  302 

Heights  of  water  )n 304 

Westborough,  water  supply  of,  examination  of 356 

Westborough  Insane  Hospital,  Westborough,  sewage  disposal  of,  advice  of  Board      .  68 

Water  supply  of,  examination  of 859 
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We»tfleld,  healtli  of  ... 892 

Milk  of 645 

Water  supply  of,  examination  of       ...    ' 360 

Westminster,  Meeting- house  Pond,  examination  of  water  of 152 

Weston,  consumption  of  water  in 412 

Water  supply  of,  examination  of 361 

Westport,  examination  of  water  from  North  Watuppa  and  South  Watnppa  lakes       •  148 

Examination  of  water  from  Sawdj  and  Devol  ponds 149 

West  Roxtiury,  examination  of  water  of  Charles  River  at 130 

Weymouth,  water  supply  of,  examination  of 362 

White  Pond,  Mayn»ni,  examination  of  water  of 230 

Whiting  Street  storitge  roMrvoir,  Holyoke,  examination  of  water  of      ...        .  174 

Whitman,  consumption  of  water  in .  412 

Health  of 892 

Advice  of  Bi^rd  relative  to  a  system  of  drainage 69 

Water  supply  of,  examination  of 363 

Whooping-congh,  mortality  from  (tables) 765,  766, 767,  785 

Weekly  summary  of  deaths  from 836 

Williamsburg,  advu-e  of  Board  with  reference  to  proposed  water  supply       ...  46 

Examination  of  water  with  reference  to  proposed  water  supply       ....  364 

Williams  Lake,  Marlborough,  examination  of  water  of 225 

Williamstown,  water  supply  of,  advice  of  Board  relative  to  pollution  of       .       .        .  76 

Examination  ot 364 

Examination  of  Iloosac  River  at 397 

Winchen<lon,  water  supply  of 367 

Winchester,  health  uf 892 

Water  supply  of,  examination  of 367 

Winter  weather,  elToet  of,  upon  nitrification 431,  436 

Winthrop.  cimsumption  of  water  in  (see  Revere) 412 

Water  supply  of  (see  Revere) 373 

Woburn,  consumption  of  water  in 412 

Health  of 893 

Water  supply  of,  advice  of  Board 48 

Examination  of 373 

Woodstock,  C<Min.,  examination  of  water  of  Hatchet  Pond 309 

Wool-scounng  W(»rk8,  puritication  of  waste  liquors  fh)m 445,  456 

Worcester,  consiiinption  «»f  water  in 412 

Health  of 893 

Water  supply  of,  examination  of 376 

Heights  of  water  in  I^icester  and  Hoidon  storage  reservoirs 384 

Worcester,  Dr.  r.  P.,  report  of,  on  food  and  drugs     * 623 

Worcester  Precipitation  Works,  analyses  of  sewage  and  effluent  at        ...       .  390 

Wright  Pond,  Holyoke.  examination  of  water  of 176 

Wright's  Pontl,  MoJford,  examination  of  water  of 232 

Wrentham  ( IMainville),  advice  of  the  Board  in  relation  to  pollution  of  water  supply  of  77 

Examination  of  water  supply  of 384 
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